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Abstract 
 
This research focused on instruction limited to text and graphics communication, 
offered through a combination of hypertext media and textbook, to community college 
students.  This study served two purposes:  assess the overall effectiveness of instruction 
that is limited to text and graphics communication; and determine the patterns, if any, 
between the strength of individual learning modality preferences and achievement.  One 
hundred and twelve students enrolled in an introductory course in probability and 
statistics volunteered to participate.  Instruction on the statistical concept of counting was 
conveyed by Web-pages and textbook.  Communication between students and instructors 
was conducted by electronic mail. 
Subjects completed a pre-test and post-test to measure levels of achievement and 
mastery, the Perceptual Modality Preference Survey to ascertain perceptual modality 
preferences, and a survey to indicate the approximate amounts of time spent in various 
learning activities and whether other people or resources were used.  Results indicated 
that overall levels of achievement and mastery were low.  Only four subjects had post-
test scores that indicated mastery of the content.  Only nine subjects attained levels of 
achievement and mastery that were deemed substantial. 
No patterns were found in the data that indicated a relationship between 
perceptual modality preferences and achievement.  It was assumed that students with 
strong preferences for either the print or visual modalities would be advantaged given 
that instruction was limited to text and graphics.  However, subjects with strong 
preferences for either the print or visual modalities did not have higher levels of 
achievement than subjects with strong preferences for other perceptual modalities.  In 
 v 
 
fact, students with strong preferences for the visual modality had lower levels of 
achievement than subjects with preferences for other perceptual modalities. 
Implications of this study supported the “media richness” premise asserted by 
Daft, Lengel and Trevino.  Media that enable immediate feedback, use of multiple cues, 
and use of natural language better allow the conveyance of information that will change 
understanding.  Contrary to other research on learning styles, learning style preferences 
had little relationship to achievement. 
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CHAPTER I 
 
INTRODUCTION 
 
 
 
College faculty offer instruction through an array of communication media.  
Students enroll in courses that involve face-to-face meetings with instructors and other 
students.  Interactive television courses comprise students at different geographic sites 
communicating via monitors and microphones.  Telecourses involve students viewing 
videotapes of lectures and related activities.  Students access the World Wide Web to 
obtain course materials for Internet classes.  Students and teachers in correspondence 
courses mail course materials. 
These media afford varied avenues for communication.  Face-to-face instruction 
enables students and teachers to communicate directly both visually and orally.  
Interactive television offers capabilities similar to face-to-face instruction, although the 
instructor may not be physically present in the room with students.  Videotape provides 
visual and audio clues for sending messages; however, there is no mechanism for 
interaction between parties.   
Web sites, however, afford educators the ability to utilize various communication 
media through the use of hypertext.  Nelson (1981) introduced the term ‘hypertext’ as 
“non-sequential forms of writing involving links” (p. 1/19).  Landow (1997) viewed 
hypertext as the “information medium that links verbal and nonverbal information” (p. 3).  
Nowadays, hypertext links afford web designers the opportunity to link text not only to 
other text but also to graphics, video or audio files, works of other authors, or provide an 
opportunity for interaction via electronic mail.  Consequently, web sites can be viewed as 
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platforms upon which designers can build various media applications aligned to send 
appropriate messages to desired audiences.   
Communication media vary in several characteristics.  Face-to-face 
communication enables the sender to employ visual clues such as physical gestures, and 
audio clues such as voice inflection when transmitting messages.  Conversations enable 
participants to receive instant feedback to their messages and tailor responses 
accordingly.   
Audio communication, such as telephone calls and voice mail, enables 
participants to employ voice inflection and similar audio clues.  However, visual clues 
are not available.  Those who choose to communicate via printed messages can access 
certain text-based signals but do not have access to the audio and visual clues described 
above.   
Daft and Lengel (1984), Daft and Lengel (1986), and Trevino, Lengel & Daft 
(1987) consider media to be “rich” when it affords the availability for instantaneous 
feedback, the opportunity to take advantage of multiple cues, and the capacity to use 
natural language.  Face-to-face communication and audio communication both afford the 
availability for immediate feedback, and both allow participants to use natural language.  
However, face-to-face communicants can utilize both visual and audio clues while audio 
communication only permits audio clues.  Thus, face-to-face communication would be 
considered a richer medium than audio communication. 
Printed communication does not allow instantaneous feedback, may be limited in 
allowing senders to use natural language, and only affords text-based communication 
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clues.  Thus, printed communication would be considered less rich than either face-to-
face communication or audio clues. 
Trevino, Lengel and Daft (1987) found that managers weighed several factors 
when selecting communication media.  These factors include the ambiguity of the 
message, the symbolic cues that the medium can convey, and situational constraints.  
Russ, Daft and Lengel (1990), and Trevino, Lengel, Bodensteiner, Gerloff and Muir 
(1990) found that managers tended to use richer media for tasks with greater ambiguity 
and less rich media for mere information sharing.  Situational constraints can limit the 
communication media.  For instance, having a face-to-face meeting may be impractical, 
if the parties are thousands of miles away from each other.   
Computer-mediated communication avenues can be limited by the skills of the 
individuals and the availability of necessary technology.  Visual clues such as hand 
gestures and a wink of the eye are very simple in a face-to-face setting.  To provide these 
same clues through computer-mediated communication requires cameras, software, and 
corresponding technical skills.  Consequently, many of the communication clues 
available to classroom faculty may be unavailable in Internet courses.  Thus, faculty 
teaching these courses may lack media of sufficient richness to teach specific concepts of 
significant complexity or ambiguity. 
With an array of diverse communication media potentially available, instructors 
of Internet classes need to be mindful of the characteristics of these media and their 
impact on communication effectiveness.  Faculty need to determine if instruction 
conveyed solely by printed messages on an Internet site will be sufficient, or if students 
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will need audio or video files with their additional communication capabilities to learn 
the material.   
Berlo (1960) asserted that the process of communication and the process of 
learning were similar.  Receivers use their senses to perceive incoming messages.  
Learners also use their senses to perceive various stimuli and transmit this information to 
the brain for analysis.  However, Gilley (1975), Cherry (1981), Schaiper, Jr. (1983), and 
Yount (1988) found that an individual’s senses are not all equal in their ability to 
perceive fully a given stimulus.  Additionally, the senses most effective for learning 
varied among individuals.  Consequently, a sender cannot assume that the communicative 
effectiveness of a given message will be the same for all receivers.  Berlo (1960, p.62) 
stressed the need to align communication practices with the characteristics of the 
receiver.   
Correspondingly, teachers should consider communication strategies that take 
into account the characteristics of their students.  “We can no longer afford to assume that 
all students will learn through whichever strategy the teacher prefers to use”  (Dunn, 
DeBello, Brennan, Krimsky & Murrain, 1981, p. 372). 
The Problem 
 
Higher education faculty teaching courses over the Internet face the problem of 
selecting communication media appropriate to convey non-trivial concepts to students 
with differing learning styles.  A question confronting proponents and purveyors of web-
based instruction is, “How effective are the instructional methods being used:  i.e., for 
whom do the delivery methods bring about learning and under what conditions?”   What 
roles do the richness of the communication media and the learning styles of the students 
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play?  These issues may be new to many faculty, especially those teaching Internet 
classes. 
There is little research that relates computer-mediated communication methods of 
varying levels of richness to student achievement.  Faculty teaching Internet classes need 
answers to the questions listed above in order to design and teach courses that optimize 
the learning opportunities for all students.  This research examined student achievement 
resulting from instruction based on computer-mediated communication methods of little 
richness. 
The Purpose 
 
This research focused on instruction limited to text and graphics communication, 
offered through a combination of hypertext media and textbook, to community college 
students.  The purposes of this research were twofold: 
• assess the overall effectiveness of instruction that is limited to text and graphics 
communication; and 
• determine the patterns, if any, between the strength of individual learning modality 
preferences and achievement.  
Design of the Study 
 Study participants were volunteering Walters State Community College students 
enrolled in an introductory course in probability and statistics.  These students received 
instruction regarding the topic of counting by reading the text and performing the 
activities contained on instructional web pages developed by this researcher, reading the 
textbook, asking their instructor questions by electronic mail, receiving feedback by 
electronic mail, and doing the assigned homework.  All communication was limited to 
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text and graphics.  Students were asked to limit their learning activities to those listed 
above.  However, students were encouraged to seek help and use other resources if they 
determined it was necessary to learn the material. 
 The topic of counting is difficult for many students.  The option of merely 
memorizing and carrying out a particular algorithm is not available.  To successfully 
master the skills included in this topic, students need to analyze each situation to 
determine which of several available procedures to use, then correctly perform the 
calculations.  Familiarity with the calculator is essential. 
One aspect of the investigation was to ascertain whether or not the available 
instructional resources were sufficient to enable students to learn sufficiently.  In 
traditional face-to-face classes, students have the opportunity to interact with the 
instructor and other class members directly, ask questions and receive immediate 
feedback, read the textbook, and participate in activities.  This research included an 
instructional environment that offered no face-to-face learning opportunities.  Visual 
clues were limited to those available through text.  No audio clues were accessible.  All 
communication was asynchronous so feedback could not be delivered immediately.   
The second aspect of the research was to determine if there was a relationship 
between student achievement and students’ perceptual modality preferences.  Students 
who prefer to receive messages visually through text or graphics communication would 
seem to be best advantaged for instruction limited to text and graphics based 
communication.  The experience of acquiring information through hypertext media may 
be different from the experience of reading a book.  Therefore, understanding the relation 
of perceptual modality preferences and achievement in this instructional setting may 
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provide insight to the characteristics of students who would benefit or suffer from this 
method of instruction. 
Note that this study does not include a control group of students receiving 
instruction through face-to-face communication in the classroom.  There already is 
research comparing the achievement of students taking a course via the Internet versus 
taking the same course in a traditional classroom.  This research served to justify the use 
of Internet instruction.  Given the current widespread offerings of Internet courses, the 
question of whether Internet instruction is appropriate is no longer relevant.  Since 
Internet instruction is now a reality, evidence that leads to effective Web-based 
instructional practices is an immediate need.   
Research Questions 
The following questions served as the framework for the research: 
Research Question 1.  How well did students learn the content in this topic 
area, when the mode of mathematics instruction was limited to text and 
graphics communication, offered through a combination of hypertext media, 
electronic mail interactions, and textbook? 
  
Research Question 2.  Are there patterns between the strength of preferences 
for the seven perceptual modalities and student achievement? 
 
Research Question 2a.  Is the achievement of students with strong preferences 
for either the print or visual modalities greater than the achievement of students 
without strong preferences for the print or visual modalities? 
 
Research Question 2b.  What are the learning modality preferences that are 
characteristic of high achievers and low achievers? 
 
Research Question 2c.  What are the achievement levels of students with 
various modality preferences? 
 
The first purpose of this research was to assess the overall effectiveness of 
instruction that was limited to text and graphics communication.  The effectiveness of 
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this instruction, defined as student achievement of desired knowledge and skills, served 
as a measure of the sufficiency of instruction.  The intent of the first research question is 
to ascertain the effectiveness of instruction. 
Student achievement for this study was defined as post-test score minus pre-test 
score.  Thus, a student achieved if this difference is greater than zero.   
The second purpose of this research was to determine the patterns, if any, between 
strong individual modality preferences and achievement.  Identification of these 
relationships helped identify the match between the characteristics of instruction limited 
to text and graphics, offered through a combination of hypertext media and textbook, and 
the preferences students have for receiving information.  The intent of the second 
research question (including all sub-questions) was to determine if there existed a match 
between the characteristics of this instruction and perceptual modality preferences, and to 
describe these relationships if they do exist. 
Selection of Participants 
 Six full-time faculty teaching MATH 1530, Probability and Statistics, at Walters 
State Community College during the Fall Semester of 2002, agreed to allow their sections 
to participate in the research.  Seven sections were included in this study.  All 
volunteering students, age eighteen or older, in these seven sections participated in this 
study.   
A total of 129 students volunteered to participate in this study.  However, 
seventeen students were excluded from the study for failure to complete all of the tests 
and surveys.  Findings and conclusions of the study are based on data from the remaining 
112 volunteering students. 
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Methods and Procedures 
 The researcher developed sites on the World Wide Web containing text and 
graphics based instruction regarding the mathematical topic of counting.  Instruction was 
aligned with the concepts taught in the textbook.  The sites also contained a performance 
activity in which students completed a set of tasks, and two multiple-choice quizzes.  
These on-line quizzes were not a part of either the pre-test or post-test.  Student scores for 
these quizzes were not recorded.  Each web-based quiz contained three items.  Each item 
had one correct answer and three distracters.  The purpose of the performance activity 
and quizzes was to help students evaluate their understanding of the concepts that had 
been taught.  Web sites provided students feedback for the performance activity and the 
multiple-choice quizzes. 
Participants read the text-based instruction and completed the activities contained 
on the World Wide Web sites during two fifty-five minute class sessions.  These sites 
could also have been viewed at any time with a computer that had access to the World 
Wide Web.   
Step-by-step instructions detailed how to log on to the computer, use the Internet 
browser, and go to the Web-based instruction.  The researcher, an instructor, or a 
computer lab assistant were available to assist students in this process. 
Students were also asked to read the corresponding section in the textbook and 
complete a homework assignment.  The homework assignment was not collected.  
Questions about subject matter were submitted by electronic mail to the instructor.  
Responses were sent by the instructor to all students enrolled in that section by electronic 
mail.  
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Participants completed a timed pre-test, timed post-test, and the Perceptual 
Modality Preference Survey.  See Appendices D, E, and F for copies of these 
instruments. Participants also provided estimates of the amounts of time spent in various 
learning activities and indicted if they received any additional assistance in learning the 
subject matter.   
Data Analysis 
 The first research question dealt with student performance.  Of interest was the 
level of achievement that resulted from the learning activities.  Also important was the 
extent to which these activities enabled students to master the material.   
 Levels of achievement and mastery attained by subjects were used to determine 
the effectiveness of instruction limited to text and graphics communication offered 
through a combination of hypertext media and textbook.  However, other factors can 
impact student achievement.  One such factor is the level of effort students invest in 
learning.   
 The researcher conducted an informal survey with five instructors of MATH 
1530.  This survey determined the amounts of time needed for three tasks:  1. the amount 
of class time needed for instruction of Section 3-6 (Counting);  2. the amount of time 
students should spend reading Section 3-6 in the textbook to have a reasonable 
opportunity to learn the material; and 3. the amount of time students should spend doing 
homework to have a reasonable opportunity to learn the material.  Class time used by 
these faculty to teach the content ranged from one to two hours.  The times faculty 
indicated students should spend reading the textbook ranged from one-half to one hour.  
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The times faculty indicated students should spend doing homework ranged from one to 
two hours. 
The criterion used for defining reasonable effort for this report was based on the 
minimum times given by faculty for these instructional activities.  The minimum time 
indicated for classroom instruction was one hour.  A minimum time of one-half hour was 
indicated for reading the textbook.  A minimum of one hour was indicated for doing 
homework.  The total minimum time projected for students to have a reasonable 
opportunity to learn the material was thus 2.5 hours.  
For purposes of this study, students were deemed to have invested reasonable 
effort if the amount of time as indicated on the survey, What You Did to Learn, spent 
either in reading the Web-based materials, reading the textbook, doing other activities, or 
doing the homework totaled 2.5 or more hours.  Since two fifty-five minute class sessions 
were dedicated to reviewing the Web-based instruction, the criterion of 2.5 hours of time 
spent learning the material could have been met by attending and being productive at 
both class sessions plus approximately 40 minutes outside of class.  These are not 
rigorous requirements for college students. 
The goal of this instruction was to empower students to be able to learn and 
master concepts.  If a student accomplished this goal, then the amount of time invested in 
the learning activities was not important.  In this study, students demonstrated mastery 
when they answered three or four items correctly in each of the four problem categories 
of the post-test.  All students who achieved mastery were deemed to have invested 
reasonable effort. 
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The levels of achievement attained by students were calculated in two manners.  
Student achievement scores were calculated as post-test scores minus pre-test scores.  A 
positive achievement score indicated that the subject did achieve.   
 Achievement percentage represented the fraction of previously unknown content 
that was learned as a result of the instructional activities.  The following calculations 
were performed to determine achievement percentage.  First, each subject’s pre-test score 
was subtracted from 48.  Since there were 48 possible points for all correct answers, this 
difference was a measure of the total possible achievement for that student.  Next, the 
subject’s actual achievement score was divided by their total possible achievement.  This 
quotient was expressed as a percentage.  Achievement percentages were reviewed to 
further ascertain attained levels of achievement. 
 The extent to which students achieved mastery was also determined.  The post-
test contained 16 items separated into four problem categories.  Each problem category 
consisted of four items.  Students demonstrated competence in a problem category by 
answering three or four of its items correctly.  Students demonstrated mastery by 
answering 3 or 4 items correctly in all four problem categories of the post-test.  The 
number of problem categories in which competence was demonstrated was determined 
for each student 
To analyze the results of instruction (achievement), the investigator created two 
groups:  substantial achievers and low achievers.  A subject was considered to have 
attained substantial achievement if (1) he/she achieved mastery by attaining competence 
in all four problem categories; or (2) he/she achieved competence in three problem 
categories and had an achievement percentage greater than or equal to 80%.  The number 
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of subjects who attained substantial achievement was determined.  A low achiever was 
defined as a student who exhibited reasonable effort, but whose achievement percentage 
placed him/her in the bottom quartile of students who put forth reasonable effort.   
When analyzing the achievement levels of participating students, only these two 
categories, substantial achievers and low achievers, were given serious consideration.  
These groups represent those who performed at high levels, and those who achieved at 
low levels despite having invested reasonable effort.  Again, subjects were deemed to 
have invested reasonable effort when the amount of time as indicated on the survey, 
What You Did to Learn, spent either in reading the Web-based materials, reading the 
textbook, doing other activities, or doing the homework totaled 2.5 or more hours.   
The purpose of the second research question was to determine if there existed a 
relationship between the perceptual modalities students strongly preferred and their 
achievement.  Analysis for research question 2 focused on reviewing the modality 
preferences and achievement percentages of those subjects who attained substantial 
achievement and those subjects who were deemed low achievers.  
For research question 2a, the number of subjects with strong preferences for either 
the print or visual modalities was compared with the number of subjects with strong 
preferences for the other modalities.  These comparisons were performed for subjects 
who attained substantial achievement as well as for subjects who were deemed low 
achievers.  Additionally, the achievement percentages for subjects with strong 
preferences for either the print or visual modalities were compared with the achievement 
percentages of subjects without strong preferences for these modalities for all subjects 
who satisfied the criterion for reasonable effort. 
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 Research questions 2b and 2c were designed to determine if there existed a 
relationship between achievement and modality preferences, and to describe these 
relationships if they existed.  For research question 2b, the modality preferences of two 
groups of subjects were reviewed.  The modality preferences for subjects who attained 
substantial achievement were identified.  The second group, low achievers, included 
those subjects who met the criterion for reasonable effort yet had achievement 
percentages in the lowest quartile of achievement.  The modality preferences of subjects 
in each group were analyzed to determine if patterns existed that might indicate a 
relationship between the strongly preferred perceptual modalities and achievement. 
 For research question 2c, groupings were defined based on strong modality 
preferences.  Eight groups were developed, one for each modality preference measured 
by the Perceptual Modality Preference Survey, and one group for no strong modality 
preference.  Students were included in a modality group if their Perceptual Modality 
Preference Survey score indicated a strong preference (see definitions).  Since an 
individual may have multiple strong modality preferences, a student could be included in 
more than one group.  Achievement percentages for each modality preference were 
compared first for subjects who attained substantial achievement, next for subjects who 
were deemed low achievers, and lastly for all subjects who met the criterion for 
reasonable effort. 
Importance of the Study 
 
Much research has been done to compare Internet courses with face-to-face 
courses.  The frequent result is that there is “no significant difference” between the 
achievement of students who took the course in a classroom and that of students in an 
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Internet environment.  Russell (1997) argues that these analyses ignore individual student 
differences.  Internet technology may benefit some students, be detrimental to others and 
be of no difference to the rest.  Instructors of Internet courses need to be aware of the 
impact technology has on each student.  By investigating the possible relationship of 
individual modality preferences and student achievement, this research took into account 
student individual differences in relation to computer-mediated instruction. 
Computer-based communication is being used for instruction as well as a primary 
means of conversing with students.   The results of this study will help faculty understand 
important issues in Web-based instruction.   
Assumptions 
 
The following assumptions were made in conducting this study: 
1. Students have one or more strong perceptual learning styles. 
2. The Perceptual Modality Preference Survey provides useful measures of an 
individual’s strong perceptual learning styles. 
3. Students responded honestly to the Perceptual Modality Preferences Survey. 
4. Students responded honestly and accurately regarding the amount of time spent in the 
various learning activities and whether or not they interacted with other people or 
used other resources in learning this material. 
5. The researcher and others instructors introduced no bias into the study. 
6. Students were not unusually influenced by their knowledge of this research. 
7. No participating students were suffering from any physical or emotional disability 
that would impair their ability to learn the material. 
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8. The concepts and procedures taught in this lesson and assessed in the test instrument 
are significant components of the topic of counting. 
9. The tests used as measures of achievement adequately reflect the content of 
instruction and the learning of the students. 
10.  The performance levels, defined as competence and mastery, were adequately 
defined and measured in the pre- and post tests. 
Limitations of the Study 
  
The study is limited in the following ways: 
 
1. The study was limited to students enrolled in seven sections of Probability and 
Statistics at Walters State Community College.   
2. Students in course sections involved in this study self-selected for participation in this 
research. 
3. The experience of completing the Perceptual Modality Preference Survey at the 
beginning of research activities may have influenced student attitudes and behaviors 
during instruction. 
4. The impact of student differences such as mathematics background, attitudes toward 
learning mathematics, and the like that may have influenced learning were not 
measured. 
5. Experience with the pre-test may have sensitized students to important aspects of the 
post-test.  This knowledge may have enhanced post-test scores. 
6. There was no control group. 
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Delimitations of the Study 
 
1. The population included in this study consisted entirely of students at Walters State 
Community College during the fall semester of 2002.  The service area of the College 
is a mostly rural section of East Tennessee.  Results may differ for students with 
different experiences and backgrounds. 
2. Class time allocated to student work with the instructional materials was two 55-
minute class periods. 
Definition of Terms 
 Achievement:   A measure of the amount of knowledge gained as a result of the 
instructional activities the student undertook.  Achievement was defined for purposes of 
this study as the post-test score minus the pre-test score. 
 Achievement Percentage:  Achievement percentage represents the fraction of 
previously unknown content that was learned as a result of the instructional activities.  
The following calculations were performed to determine achievement percentage.  First, 
each subject’s pre-test score was subtracted from 48.  Since there were 48 possible points 
for all correct answers, this difference was a measure of the total possible achievement 
for that student.  Next, the subject’s actual achievement score was divided by their total 
possible achievement.  This quotient was expressed as a percentage.   
Adult:  A person eighteen years of age or older.  
Competence:  For purposes of this research, students will be considered to have 
demonstrated competence in a category of counting problem when they have answered at 
least three of the four problems correctly.    
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Learning Style:  Individual differences in relating to or interacting with the 
environment for the purpose of learning.  (Cherry, 1981, p.16). 
Low Achiever:  A student who exhibited reasonable effort, but whose 
achievement percentage placed him/her in the bottom quartile of all students who 
exhibited reasonable effort is termed a low achiever.  
Mastery:  For purposes of this research, mastery is demonstrated when the student 
is competent in all four categories of problems presented on the pre- and post-tests.  
 Perceptual Modality of Learning Style:  “The approach which an individual 
learner uses in gathering information and knowledge from the world about him or her 
through the five senses.”  (Cherry, 1981, p. 16).  The Perceptual Modality Preference 
Survey is based on the seven perceptual style elements identified by French and 
researched by Gilley.  These seven perceptual style elements are: 
Aural (A):  “Gathering information primarily through listening: (Cherry, 1981, p. 
16). 
Interactive (I):  “Gathering information primarily through discussion and talking 
with others.” (Cherry, 1981, p. 16);  
Haptic (H):  ”Gathering information primarily through touching and/or holding.” 
(Cherry, 1981, p. 16).  
Kinesthetic (K):  “Gathering information primarily through performance or 
engaging in body movements.” (Cherry, 1981, p. 16). 
Olfactory (O):  “Gathering information primarily through the sense of smell.” 
(Cherry, 1981, p. 16). 
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 Print (P):  “Gathering information primarily through the printed word.” (Cherry, 
1981, p. 16) 
 Visual (V):  “Gathering information primarily through seeing pictures, images, 
objects, and activities.” (Cherry, 1981, p. 16). 
 Perceptual Modality Preference Survey (PMPS):  As defined by Cherry, “A 42 
item questionnaire designed to survey each subject’s intuitive perception of his or her 
perceptual learning style, and report those results in rank order.” (Cherry, 1981, p. 17). 
Reasonable Effort:  For purposes of this study, a subject was considered to have 
invested reasonable effort in learning if the amount of time as indicated on the survey, 
What You Did to Learn, spent reading the Web-based materials, reading the textbook, 
doing other activities, and/or doing homework totaled 2.5 or more hours. 
Subject:  One of the Walters State Community College students participating in 
the study. 
Substantial Achievement:  For purposes of this study, a subject was considered to 
have attained substantial achievement if (1) he/she achieved mastery by attaining 
competence in all four problem categories; or (2) he/she achieved competence in three 
problem categories and had an achievement percentage greater than or equal to 80%. 
Strong Preference:  A student indicated a strong preference for a perceptual 
modality if their modality score from the Perceptual Modality Preference Survey was +17 
or greater. 
Organization of the Study 
 This study is composed of five major chapters.  Chapter I includes the 
introduction to the study, statements of the problem and purpose, design of the study, 
19 
20 
importance of the study, assumptions, limitations, delimitations, definitions of terms, and 
organization of the study.   
Chapter II presents a review of the literature including a description of the 
communication process; discussion of communication quality and the concepts of media 
richness; a review of the literature pertaining to non-verbal communication, descriptions 
of theories regarding the learning process; a discussion of learning styles with particular 
emphasis on modality strengths and preferences; examination of the principles of 
counting and its significance in the mathematics curriculum; a review of the experiences 
of faculty of online mathematics courses; and an overall summary of the salient findings 
of the research that have special pertinence to this study. 
Chapter III details the procedures used in this study.  Sections include the 
development of the instrument used for the pre-test and post-test; a description of the 
Perceptual Modality Preference Survey; and a discussion of the procedures for data 
collection and analysis. 
Chapter IV presents the findings of the study. 
Chapter V presents a summary of the investigation including conclusions drawn 
by the researcher, the implications of these conclusions, and recommendations. 
CHAPTER II 
REVIEW OF THE LITERATURE 
  
The first section of this review of the literature contains a discussion of the 
fundamental principles of communication.  A significant portion of instructional 
activities involves the communication of ideas from the teacher to the student.  
Consequently, understanding the fundamental principles of communication would be 
beneficial. 
 The second section examines practices and principles that enhance the quality of 
the communication process.  Communication media offer various features that can be 
used to facilitate the accurate conveyance of ideas.   This research examines the concepts 
of media richness, and the relevance of this construct to the quality and effectiveness of 
various forms of communication. 
 The third section looks into nonverbal communication, an important topic in the 
study of how people communicate.  The research includes techniques of nonverbal 
communication and their impact on message quality and aspects personal interactions.  
The fourth section examines the learning process with particular emphasis on the 
connection between learning and communication.  Different approaches to the definition 
and processes of learning are reviewed. 
 The fifth section explores learning styles.  Individuals have their own unique 
preferences and strengths regarding how he/she learns.  Understanding the relationship 
between learning styles and achievement in this environment may provide insight into 
effective and ineffective course features. 
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 The sixth section includes a discussion of the concepts and significance of the 
mathematical topic of counting.   The instructional activities of this research are designed 
to teach the fundamental principles of counting.  These concepts are difficult for students 
to comprehend.  Hence, this topic is ideally suited to test the effectiveness of instruction 
that is limited to text and graphics. 
 The seventh section of this chapter reviews the experiences of faculty in 
developing and administering online courses in mathematics.  A significant portion of 
this section includes a discussion of the resources necessary to provide quality online 
instruction in mathematics.  
 The last section of this chapter gives an overview of the significant findings from 
the research that are relevant to this study.   
    The Process of Communication 
 
 People communicate continuously.  Berlo cited research indicating that the 
average American spends about 70 per cent of his/her active hours listening, speaking, 
reading or writing (1960, p. 1).  However, communication activities are not limited to 
these four.  DeVito stated that we send messages with the way we dress, comb our hair, 
walk, and shake hands.  In essence, “Everything about you has the potential to send 
interpersonal messages, and every message has an effect, or outcome” (DeVito, 2002, p. 
16).  Studies by Mehrabian (1971 and1972) and Ekman and Friesen (1975) provide 
empirical evidence of the significance of the signals sent by posture, eye contact, dress 
and appearance, gestures, voice intonation, physical proximity, and the like.   
 Throughout the literature on communication, it is described as a process. (Berlo, 
1960, p. 24; DeVito, 2002, p. 6; Seiler, Baudhuin & Schuelke, 1982, p. 4).  Seiler, 
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Baudhuin and Schuelke described the process as dynamic and continuous in that 
“communication, like us, is constantly changing” (p. 4).  Berlo echoed this opinion: 
 If we accept the concept of process, we view events and relationships as 
dynamic, on-going, ever-changing, continuous.  When we label something 
as a process, we also mean that it does not have a beginning, an end, a 
fixed sequence of events.  It is not static, at rest.  It is moving.  The 
ingredients within a process interact; each affects all of the others (p. 24).   
 
Berlo’s model of the communication process includes six components; the 
communication source, the encoder, the message, the channel, the decoder, and the 
communication receiver.  Schramm (1954) devised a model similar to that of Berlo.  The 
elements of Schramm’s model are source, encoder, signal, decoder and destination (p. 13-
14).   
The first element is the communication source.    This can be a person, group of 
people, or even a thing “with a purpose, a reason for engaging in communication” (Berlo, 
1960, p. 30).  The second component, the encoder, “is responsible for taking the ideas of 
the source and putting them in a code, expressing the source’s purpose in the form of a 
message” (Berlo, 1960, p. 30).  Often, source and encoder are the same.   
There are various codes that may be chosen.  The encoder may choose to vocalize 
the message.  In this case, the message is encoded into a sequence of sounds that 
presumably have meaning to the audience.  The words would come from the source, and 
the speech mechanism would serve as the encoding tool. 
If the encoder chooses to develop printed text, the message is encoded by a 
sequence of visual symbols.  The encoder may choose from a wide array of encoding 
strategies such as art, music, physical gestures, and the like.  Schramm (1954) points out 
“The “pictures in our heads” can’t be transmitted until they are coded” (p. 14). 
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The result of encoding is the message, the third component of the communication 
process.  “A message is behavior available in physical form – the translation of ideas, 
purposes, intentions into a code, a systematic set of symbols” (Berlo, 1960, p. 30).  If 
speaking, the message would be the ideas that are encoded in oral language.  For the 
person using print text, the message would be the ideas encoded in the visible string of 
characters written on the paper encoded in print language. 
The fourth component of the communication process is the channel, “a medium, a 
carrier of messages” (Berlo, 1960, p. 31).   Pieces of paper serve as the channel for large 
portions of our written correspondence.  These “carriers of messages” include computers 
that convey print messages, pieces of paper that also display print messages, voice and 
radio that convey audio messages, television that conveys audio and visual messages, and 
the like.   
The next component, the decoder, puts the message in a form that the receiver can 
use (Berlo, 1960, p. 31).  Often, the decoder and the receiver are the same.  When the 
decoder is a person, the physical senses serve as tools.  Our eyes see the printed message.  
Blind people use the sense of touch to read the Braille encoded messages.  The decoder 
translates these perceptions into meaningful ideas.  
The next component is the “person or persons at the other end”, the 
communication receiver. (Berlo, 1960, p. 31)  The receiver discerns the ideas contained 
in the message and reacts. 
A critical issue is the extent to which the ideas that the receiver discerns being 
similar to those sent by the source.  Breakdowns in different components of the 
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communication process can impede the accurate reception and understanding of a 
message.   
Perceptual and experiential differences between the message source and receiver 
can create obstacles in the accurate reception and understanding of a message.  The 
process of communication involves the transmittal of ideas from the source to the 
receiver in the form of messages.  These messages are composed of signs that only 
represent the ideas.  “A sign is a signal that stands for something in experience.  The 
word “dog” is a sign that stands for our generalized experience with dogs” (Schramm, 
1954, p. 16).  When we hear the word “dog”, we recall the appearance, sounds, feels and 
mannerisms of these animals from our experiences.  Schramm (1954) states, “But there is 
an important difference between the sign and the object:  the sign always represents the 
object at a reduced level of cues” (p. 16).   
Message senders encode messages using signals based on their experiences.  
Message receivers interpret these signs based on their own experiences.  If these 
experiences are misaligned, the receiver’s interpretation of the message may not reflect 
the ideas the source wished to convey. 
If the communication process ended with the decoding of the message by the 
receiver, the sender may never know if the communication was accurately interpreted.  
However, the communication process continues even after the decoding and 
interpretation of the original message.  The interpretation of an incoming message may 
cause the receiver to encode and transmit a message in return.  The communication 
process continues with the roles of the participants reversed. 
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Schramm called this return process feedback. (p. 19).  Berlo and Schramm stated 
that feedback provides the sender with information regarding how the message was 
interpreted and whether it was successful.  “Feedback is the means by which we know 
whether our messages have been received and whether they have been received in the 
way we intended them” (Seiler, Baudhuin & Schuelke, 1982, p. 144).  The 
communication process is on-going and ever-changing.  Feedback is the vehicle that 
enables the continuation of the process. 
The communication source depends on feedback from the receiver.  Students may 
encode messages that they do not understand the lesson by displaying puzzled looks on 
their faces.  The instructor receives this message, and responds to this feedback by 
encoding and sending a return message that explains the confusing concept in a different 
manner.   
The students’ feedback also served a second purpose.  The students benefited in 
that their return messages caused the instructor to respond immediately to their needs.  
Thus, Berlo argued that feedback empowers the receiver to exert control over subsequent 
messages from the communication source. (p. 113) 
Feedback can be instantaneous.  When receivers are in the room, the source can 
see their expressions, hear their comments, and respond immediately and accordingly.  
People communicating at a distance who do not have access to direct visual or audio 
clues may be unable to provide immediate feedback.  The sender won’t know for some 
time whether the message achieved its objective.  Seiler, Baudhuin and Schuelke cited 
research that found that the accuracy of the reception of information increased as the 
amount of feedback increased. (1982, p. 145)  
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“When we communicate, we are trying to establish “commonness” with someone.  
That is, we are trying to share information, an idea, or an attitude” (Schramm, 1954, p. 
13).  Feedback provides useful, and hopefully timely, information to ascertain whether 
our endeavor was successful.  There are other strategies that can assist in promoting 
successful communication.  The next section of this chapter will include a discussion 
regarding the quality of communication and factors that influence it. 
Summary 
 Communication is a process that is “dynamic, on-going, ever-changing, and 
continuous” (Berlo, 1960).  The ideas of the source are encoded into a physical form (i.e. 
the message) and transmitted through a medium (such as writing, oral, electronic mail, 
visually, and the like).  The receiver perceives, decodes and interprets this message.  
 Schramm (1954) cautions that messages consist of physical symbols that only 
represent ideas.  Optimally, the receiver’s interpretation of these symbols agrees with that 
of the communication source.  However, differences in background and experiences can 
create differences in message interpretation.  Consequently, the receiver may have an 
inaccurate understanding of the ideas the source was trying to convey.  
 The communication process includes a component that allows participants to 
verify that the message was interpreted accurately.  Feedback describes the continuation 
and reversal of the communication process as the receiver encodes and transmits a 
message in response to the original.  Feedback enables participants to tailor new 
messages to address specific areas of concern and to continue the communication process 
until all participants share a common understanding.  Supporting this premise, the 
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research of Seiler, Baudhuin and Schuelke (1982) found that accuracy increased as 
feedback increased. 
Communication Quality and Media Richness 
 A significant aspect in the analysis of the communication process is to assess the 
quality of the various aspects of the communication.  The term fidelity describes the 
effectiveness of components of the communication process.  “By fidelity, we mean that 
he will get what he wants.  A high-fidelity encoder is one that expresses the meaning of 
the source perfectly.  A high-fidelity decoder is one that translates a message for the 
receiver with complete accuracy” (Berlo, 1960, p.40). 
 Fidelity pertains to the quality of each element of the communication process.  
Berlo stated that the communication skills of the source impact the fidelity of the 
communication. (p. 41)  Encoding skills include writing, speaking, painting, gesturing 
and others.  With the increasing usage of technology in communication, the level of one’s 
computer skills could affect the quality of these messages. 
Similar skills may be necessary for decoding messages.  For example, the fidelity 
of a message containing sophisticated vocabulary will suffer if the receiver does not 
understand the words.   
There are numerous factors that can diminish communication fidelity.  Berlo uses 
the term noise “to include factors that distort the quality of the signal” (1960, p. 40).  
Berlo contends that the reduction of noise increases fidelity, while the increase of noise 
reduces fidelity. 
 28
DeVito (2002) describes four major types of noise.  Physical noise is 
“Interference that is external to both speaker and listener” (p. 18).  For instance, the 
sound of loud machinery impairs the ability to converse.   
Physiological noise consists of “Physical barriers within a speaker or listener” 
(DeVito, 2002, p. 18).  A blind person is unable to see printed text.  Lack of computer 
skills impairs an individual from opening and reading an electronic mail message.   
Psychological noise includes “Cognitive or mental interference” (DeVito, 2002, p. 
18).  Prejudices, biases, and closed mindedness hinder the exchange of ideas.   
Lastly, semantic noise pertains to “Different meanings assigned by speaker and 
listener” (DeVito, 2002, p. 18).  Differences in background and culture may cause 
differing interpretations of a given message.   
Schramm (1954) argues that the most important aspect of the communication 
process is that “the receiver and sender must be in tune” (p. 15).   In order to accomplish 
this, Schramm argued, there must exist a set of experiences that are common to both the 
receiver and sender.  These experiences include a common language as well as similar 
knowledge regarding the topics of the message.  “If we limit our discussion to effective 
communication, the receiver is the most important link in the communication process.  If 
the source does not reach the receiver with his message, he might as well have talked to 
himself” (Berlo, 1960, p. 52). 
Another significant component in the effectiveness of communication is the 
quality of the message.  Again, alignment with the characteristics of the receiver is of 
paramount importance.  Berlo (1960) stipulated that the source should craft a message 
using code or language that the receiver can understand, structure the message in a 
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manner such that the receiver can decode and interpret the message with minimal effort, 
and include content in the message that will interest the receiver and be convincing. (p. 
62) 
The channel is the component of the communication process that describes how 
the message will be transported from the source to the receiver.  Again, the characteristics 
of the receiver are significant.   
As source-encoders, we have to decide how we will channel messages so 
our receiver can decode them – can see, hear, touch, and even occasionally 
taste and smell them.  In other words, we can look on channels of 
communication as the motor skills possessed by the encoder and the 
sensory skills possessed by the decoder. (Berlo, 1960, p. 66) 
   
Optimally, the message source would possess the skills to craft a message 
utilizing channels that would be best perceived by the senses of the receiver.  Berlo also 
argued that using more than one channel can increase the likelihood that the receiver will 
decode the message accurately.  Thus, a source might craft a message that utilizes more 
than one sensory skill of the receiver. 
A related strategy to improve the likelihood of accurate interpretation of a 
message is called redundancy.  Schramm (1954) stated 
For if we think our audience may have a hard time understanding the 
message, we can deliberately introduce more redundancy; we can repeat 
(just as the radio operator on a ship may send “SOS” over and over again 
to make sure it is hear and decoded), or we can give examples and 
analogies.  In other words, we always have to choose between transmitting 
more information in a given time, or transmitting less and repeating more 
in the hope of being better understood. (p. 15) 
 
Berlo argued that redundancy can help the recipient better understand the 
relationship of the symbols used in the communication.  A message is a set of symbols 
that is structured in a particular manner to convey a set of ideas.  To interpret the message 
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correctly, the receiver needs to understand the structural meaning of this assembly of 
symbols.  “We get meaning from structure when one word-sign helps us predict another 
word-sign, or when the sequence of two word-signs tells us something about their 
relationship that we could not get from either word by itself” (Berlo, 1960, p. 201).  More 
generally, “structural meaning is found in a relationship between signs and other signs” 
(Berlo, 1960, p. 201).  Berlo further stated that as structural meaning is enhanced, then 
our uncertainty regarding the message is reduced.  Redundancy, seeing the signs related 
to each other repeatedly, assists the receiver to understand the structural meaning of the 
symbols. 
 A common strategy of communicators is to send redundant symbols using 
different channels.  For instance, a speaker may send an audio message of vocalized 
words to their audience while simultaneously sending a redundant, visual message in the 
form of physical gestures.  This has the additional advantage of utilizing more than one 
sensory skill of the receiver.  However, to accomplish this, the necessary communication 
channels must be available to the source.  The available channels vary given the means of 
communication, or communication media, being employed.  A source utilizing face-to-
face communication can employ various channels that make use of any of the receiver’s 
senses.  Conversely, a source composing a written message on paper employs a channel 
that utilizes only the sense of sight.  Thus, the various communication media provide 
certain features and limitations in their ability to convey information.   
There are also differences in the quality of information that various 
communication media can convey.  Daft and Lengel (1986) described the term 
information richness  
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as the ability of information to change understanding within a time 
interval.  Communication transactions that can overcome different frames 
of reference or clarify ambiguous issues to change understanding in a 
timely manner are considered rich. (p. 560)   
 
Daft and Lengel (1984) stated that a simple body gesture such as a wink would be 
considered rich if substantial new understanding resulted.  Communication media that are 
capable of transmitting rich information are also considered rich. (Daft and Lengel, 1984; 
Daft and Lengel, 1986)  The wink described above can only be conveyed through a 
medium that affords visual communication clues or symbols.  Additionally, the wink may 
only be effective when it can be transmitted and received in a timely manner.  Daft and 
Lengel (1984), Daft and Lengel (1986), and Trevino, Lengel & Daft (1987) described 
features of media that may enhance communication of rich information.  Media can be 
considered “rich” or “lean” based upon 
(a) the availability of instant feedback, making it possible for 
communicators to converge upon a common understanding; (b) the 
utilization of multiple cues such as body language to convey 
interpretations and feelings; and (c) the use of natural language rather than 
number to convey subtleties.  (Trevino, Lengel & Daft, 1987, p. 557) 
 
Daft and Lengel (1986) ranked face-to-face communication highest in richness 
because of the opportunity for immediate feedback, the usage of visual and oral clues and 
the ability to use natural language.  Telephone ranked second due to immediate feedback, 
audio clues and natural language but lacking visual clues.   
Personal written correspondence provides slow feedback, limited visual clues and 
no auditory clues.  Personal correspondence does enable the use of natural language.  
Impersonalized written correspondence, such as bulletins and flyers, are less rich than 
personalized correspondence.  Daft and Lengel (1986) ranked formal numeric documents 
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as lowest in richness since numeric language conveys a less rich message than natural 
language. 
With regard to electronic media, Daft, Lengel and Trevino (1987) ranked 
teleconferences, with their video and audio capabilities, quick feedback but somewhat 
restricted body language and nonverbal messages, between face-to-face and telephone 
communication.  Daft, Lengel and Trevino (1987) stated that electronic mail has many 
characteristics similar to both telephone and written memoranda in the capacity for quick 
feedback and the ability to be transmitted to a geographically dispersed audience yet 
lacking visual clues.  The research of Rice and Shook (1990) concluded that electronic 
mail should be compared more closely to telephone communication than to written 
memoranda. 
The ability of a communication medium to convey audio and visual cues plays a 
significant role in the richness of the information that can be conveyed.  Hara and Kling 
(2001) reported the anxieties Internet students experienced from the lack of an 
instructor’s body language clues.  These clues often provide important, timely feedback 
regarding comprehension of significant concepts and expectations.  The lack of prompt 
feedback from the Internet instructor proved to be a significant issue for students.  Other 
students expressed concern regarding text-based communications that were considered to 
be ambiguous.  
This research of Hara and Kling demonstrates how the fundamental principles and 
strategies of communication pertain to the effectiveness of instructional activities and 
their impact on student learning.  Of particular relevance is the admonition from Berlo 
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and Schramm that the receiver is the most significant component of the communication 
process.   
Summary 
 Research and theory cited in this section yields findings and issues pertinent to 
this research.  Of particular relevance is the fidelity of the various components of the 
communication process.  Berlo (1960) used the term “noise” to describe factors that 
reduce fidelity.  DeVito (2002) described four main categories of noise; physical, 
physiological, psychological and semantic.   
 Schramm (1954) discussed the strategy of redundancy as a means of improving 
fidelity.  For example, speakers use hand gestures or other nonverbal communication 
signals to reinforce the ideas of their oral presentation. 
 The fidelity of communication media differ.  Daft and Lengel (1984), Daft and 
Lengel (1986), and Trevino, Lengel & Daft (1987) described characteristics of media that 
enhance fidelity.  These characteristics included the availability of instant feedback, the 
utilization of multiple clues, and the use of natural language. 
 The importance of feedback in improving the accuracy of message interpretation 
was discussed in the previous section of this Chapter II.  The ability to use multiple clues 
is a critical component of redundancy strategies.  The use of natural language facilitates 
the reduction of semantic noise. 
Face-to-face communication is the richest communication medium available.  
Feedback is immediate, multiple channels are available, and natural language can be 
used.   
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Communication limited to text and graphics is less rich.  Feedback is not 
instantaneous.  The redundancy strategy of sending multiple clues is not available.  The 
limited usage of natural language increases the likelihood that semantic noise will impair 
the communication process.   
Nonverbal Communication 
Mehrabian and Ferris (1967) investigated the communication of attitude using 
facial and vocal communication.  Their findings indicated that the effect of the facial 
component was greater than that of the vocal.   The attitude being communicated was 
intensified when the facial and vocal components were in agreement.  When analyzing 
the relative impact of attitude intensity derived from the various components of the 
communication, Merhabian and Ferris (1967) indicated that only 7% was attributable to 
the verbal components (the words), 38% to the vocal component, and 55% from the facial 
component.  Though these findings are disputed (Lapakko, 1997), they are indicative of 
the significant role vocal inflection and facial expressions play in communication. 
“In its narrow and more accurate sense, “nonverbal behavior” refers to actions as 
distinct from speech.  It thus includes facial expressions, hand and arm gestures, postures, 
positions and various components of the body and legs or feet” (Mehrabian, 1972, p. 1).   
Knapp (1972) argues that verbal and nonverbal communication are so intertwined that 
discussing them as separate components is inappropriate.   
Mehrabian (1972) listed five functional categories of nonverbal behavior, and 
Knapp (1972) listed seven. Burgoon and Saine (1978) listed six ways, similar in nature to 
both Mehrabian’s and Knapp’s, in which nonverbal communication is used in 
conjunction with verbal.   Below are the six ways given by Burgoon and Saine. 
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Redundancy is when nonverbal clues say the same thing as the verbal clues.  
These clues reinforce each other.  Pointing at the shaker while asking for the salt to be 
passed is an example of redundancy. 
Substitution is when nonverbal clues are used in place of verbal clues.  When 
eating at Mexican restaurants, one might find it more effective to simply point at their 
selection rather than try to pronounce the name and risk being misunderstood. 
Complementation is when the nonverbal clues modify the verbal clues or add 
more information.  Teachers might decide to act out the characters when reading stories 
to little children. 
Emphasis occurs when the nonverbal clues accentuate what we are saying.  
Baseball managers sometimes kick dirt on the umpire’s shoes to communicate more 
forcefully their dissatisfaction with the call. 
Contradiction is when we send nonverbal clues that conflict with the verbal ones.  
One might say that everything is all right.  However, they indicate otherwise when they 
“roll their eyes”.  Sarcastic remarks are an example of contradictory vocal clues. 
Regulation is when we use gestures to control the conversation process.  We use 
gestures to indicate that we wish to talk, wish not to be interrupted, or wish for the other 
person to speak.  Students raise their hands in order to ask a question. 
In five of these six uses, nonverbal clues are a significant part of the messages 
being transmitted to the receiver.  Their purpose is to enhance the fidelity of the 
communication 
Nonverbal clues also aid in one’s ability to be persuasive.  Studies by Mehrabian  
(1972) examined strategies employed by speakers who were trying to be persuasive, and 
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nonverbal clues perceived by audience that added to the persuasiveness of the speaker.  
In the first experiment, Mehrabian found: 
The first encoding experiment showed that the following implicit 
behaviors were associated both with the increasing intent to persuade and 
the perceived persuasiveness of the message:  more vocal activity, more 
speech volume, higher speech rate, more facial activity, higher rate of 
gesticulation, less halting quality of speech, and more eye contact with the 
addressee.  In addition, it was found that smaller reclining angles and more 
head nodding were associated with increasing intent to persuade and that a 
lower rate of self-manipulation was correlated with the perceived 
persuasiveness of a communication. (1972, p. 77) 
 
The second study found high levels of judged persuasiveness associated with 
speech volume, speech rate, gesticulation rate, eye contact, length of communication, and 
facial activity. (1972, p. 77).   Both studies showed the importance of nonverbal 
communications in persuading an audience. 
Nonverbal communication also has emotional and attitudinal effects.  Mehrabian 
(1972) cites research indicating that leaning forward conveys a positive attitude.  Leaning 
forward, smiling, more eye contact, and keeping one’s hands still communicated warmth.  
People with arms in a closed position were judged as cold and rejecting, while people 
with open arms were judged warm and open.  Merhabian (1972) said the research 
indicated “that the nonverbal variables assumed to indicate warmth or positive attitude 
did indeed significantly affect the interaction; that is they were more reinforcing” (p. 21). 
Our face is one of the primary tools we use to send nonverbal communications.  
Many signals that we send with our faces are very specific. (Ekman and Friesen, 1975).  
We smile broadly when we receive happy news, or frown at unpleasant news.  These 
facial signals frequently convey emotional messages about the topic.  Facial clues can 
serve to add emphasis to the verbal message. 
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Two studies by Ekman and Friesen (1975) found that the meanings of certain 
facial expressions were the same across cultures.  The facial expressions of Japanese and 
American students noted while they were watching a film were very similar.  In a second 
study, individuals of various nationalities were shown photographs of faces, and were 
asked to identify the emotion being displayed.  “The same facial expressions were judged 
as showing the same emotion in all these countries, regardless of the language or culture” 
(Ekman and Friesen, 1975, p. 24).  This is evidence that there are “universal facial 
expressions of emotion.”  (Ekman and Friesen, 1975, p. 27).   
Summary 
The research of Mehrabian and Ferris (1967) indicated the significance of 
nonverbal communication clues in the conveyance and interpretation of messages.  
Burgoon and Saine (1978) described six functions of nonverbal communication.  These 
included redundancy, substitution, complementation, emphasis, contradiction, and 
regulation. 
Research by Mehrabian (1972) evidenced the positive role nonverbal 
communication plays in improving persuasiveness as well as conveying feelings of 
warmth.  Of particular relevance in this research is the impact on communication 
effectiveness when the functionality of nonverbal communication strategies is 
significantly limited. 
The Process of Learning 
One area in which communication assumes a predominant role is the field of 
education.  Of particular relevance are activities and strategies that enhance student 
learning.  There are numerous definitions of the term learning. 
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Woodruff described learning as a process: 
The process of learning is the vehicle by which the individual is changed 
from a bundle of potentialities to an acting organism with ideas, habits, 
skills, preferences, and other distinguishing personality characteristics.  
Learning is something that happens within the organism as a result of 
responding to situations.  Some kind of change takes place in the nervous 
system, particularly the central nervous system, which manifests itself 
subsequently in changed behavior. (1951, p. 237)  
 
Travers provided what he described as a working definition of learning.  
“Consequently, this book rests upon a definition of learning as a process that results in 
the modification of behavior.  The resultant modification of behavior must be attributed 
to learning and not to changes brought about my maturation of the organism, or such 
agents of change such as drugs, fatigue, and the like.” (1965, p. 9). 
Gagne provided the following definition:   
Learning is a change in human disposition or capability, which persists 
over a period of time, and which is not simply ascribable to processes of 
growth.  The kind of change called learning exhibits itself as a change in 
behavior, and the inference of learning is made by comparing what 
behavior was possible before the individual was placed in a “learning 
situation” and what behavior can be exhibited after such treatment.  The 
change may be, and often is, an increased capability for some type of 
performance.  It may also be an altered disposition of the sort called 
“attitude” or “interest” or “value.”  The change must have more than 
momentary permanence; it must be capable of being retained over some 
period of time.  Finally, it must be distinguishable from the kind of change 
that is attributable to growth, such as change in height or the development 
of muscles through exercise.” (1977, p.3)  
 
Berlo defined learning “as a change in the stable relationship between (a) a 
stimulus that the individual organism perceives and (b) a response that the organism 
makes, either covertly or overtly” (p. 76).  Berlo continued:  “In summary, we can define 
learning in this way:  Given an individual who responds to a stimulus; learning occurs if 
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the individual either (1) continues to make some of the same responses, but to a different 
stimulus, (2) makes a different response to the same stimulus” (p. 77).  
There are similarities in these definitions.  Woodruff and Travers both described 
learning as a process.  Gagne (1977, p. 57) and Berlo (1960, p. 78) also characterized 
learning as a process.  If these authors accept the description of process offered by Berlo 
(1960, p. 24), Devito (2002, p. 6), and Seiler et al (1982, 9. 4), then we can describe 
learning as being “dynamic, ongoing, ever-changing, continuous” (Berlo, p. 24).  
All four authors indicated that learning involves behavioral changes.  Behavioral 
changes can afford physical evidence that can be perceived and noted by other 
individuals.  However, Berlo specifically noted that responses can also be covert “occurs 
within the organism, that is not readily observable or detectable, that is private” (1960, p. 
76). 
However, behavioral changes can result from factors other than learning.  Travers 
and Gagne noted that their definitions of learning do not include behavioral changes that 
result from natural processes such as maturation, growth and fatigue.  Travers also 
excluded behavioral changes resulting from drugs and the like.  Berlo excluded stimulus 
responses that were purely reflexive.  He indicated that for learning to occur, the 
organism not only had to perceive a stimulus but also had to interpret and respond to it 
and exert control over the response it makes. (p. 79-80)  Berlo’s criteria encompass the 
limitations imposed by Travers and Gagne. 
Berlo argued that there are similarities between learning and communication:   
This is related to communication in that the communication objective of 
the source often is a change in the behavior of the receiver.  The source 
wants the receiver to change, to learn.  We communicate in order to get 
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our receivers to respond in different ways to old stimuli, or respond in old 
ways to different stimuli. (Berlo, 1960, p. 77) 
 
There are several descriptions of the learning process.   Those of Woodruff (1951) 
and Gagne (1977) are commonly cited in the literature.  However, Berlo’s description is 
valuable in that it specifically relates the learning process to the communication process. 
The learning process begins with the presentation of a stimulus to the person.  
Berlo defined a stimulus as “any event which an individual is capable of sensing” (p. 74).   
The person must then sense and perceive the stimulus.  This step is accomplished 
through use of one or more of the physical senses.  The individual’s senses decode the 
stimulus and send nervous impulses to the brain.  Once the impulses reach the brain, the 
person must interpret or give meaning to the stimulus.   
The person then responds to the stimulus.  This may include encoding a message 
in response.  
The individual then examines the feedback, which in this situation are the 
consequences of this response.  The response will be retained if the consequences are 
rewarding.  If the individual views the consequence as unrewarding, the response will be 
discarded and a new response tried.  This new response will be considered learned only if 
the individual habitually makes this same response to repeated occurrences of the 
stimulus. 
Communication is used as a way to enable learning.  Instructors communicate 
ideas to their students with the intent of changing student behavior in desired ways.  
Berlo stated, “As communicators, we often have purposes that involve learning by our 
receivers.  We want them either to change their responses to an existing stimulus or to 
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transfer existing responses to a changed stimulus.  When this is our objective, we need to 
understand as much as we can about the principles of human learning, about the process 
that goes on in the organism between the time the individual perceives a stimulus and the 
time he responds to it” (1960, p. 77). 
Constructivism 
One of the basic premises of constructivism is that “all knowledge is constructed; 
knowledge is not the result of passive reception.” (Noddings, 1995, p. 115).  “Children, 
we must not forget, are not repositories for adult “knowledge” but organisms, that, like 
all of us, are constantly trying to make sense of, to understand their experience.” (von 
Glasersfeld, 1987, p. 12). 
Jaworski adds,  “Coming to know is a process of adaptation based on and 
constantly modified by a learner’s experience of the world” (1996).  Similar to other 
descriptions of learning, constructivism is concerned with the process of acquiring 
knowledge. 
von Glasersfeld (1987) argues that individuals try to make sense of their world.  
That is, people organize their experiences in such a way as to enable them to make 
reliable predictions. For instance, our experiences driving a car should enable us to 
reliably predict how other drivers will react to a traffic signal.   
Learning theorists described in this report expressed the connecting between 
learning and behavioral changes.  von Glasersfeld expresses similar beliefs, “Basically, to 
have “learned” means to have drawn conclusions from experience and to act accordingly” 
(1987, p.8).   
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He describes the process of drawing conclusions from experiences as involving an 
analysis based on the results from our particular past experiences.  We use “conceptual 
material” (p. 9) that we already possess, in looking for similarities and differences with 
prior situations.   von Glasersfeld argues that this analysis is all “our doing”  (p. 9).  If our 
decisions turn out to be beneficial, remember that we have found “only one viable way” 
(p. 9).  What we learn is a byproduct of our existing “conceptual material” in association 
with our experiences.  Since individuals have their own conceptual material and their 
own unique experiences, their viable ways may be different.  
These ideas regarding individual differences have particular application in the 
area of communication.  We discussed the idea that communication messages are made 
up of symbols that represent ideas.  People interpret these symbols based on their existing 
knowledge of the symbols and their prior experiences with the ideas the symbols 
represent.  Therefore, different people could have different interpretations of the same 
symbols. 
von Glasersfeld also argues that receivers must already have knowledge of the 
symbols used in the message.  This knowledge is the conceptual material necessary for 
analysis.  He agrees that the recipient will interpret the symbols based on their own prior 
experiences involving the ideas the symbols represent. 
Pedagogical strategies commensurate with constructivism focus significantly on 
the learning process rather than the content.  “Constructivist teachers de-emphasize 
lecturing and telling and encourage instead the active engagement of students in 
establishing and pursuing their own learning objectives” (Noddings, p. 116).   von 
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Glasersfeld argues that it is important for students to understand “what one must do to 
build up the conceptual structures” (p. 14)  
Windschitl (2002) describes currently popular teaching practices, “Teachers 
instruct the entire class and present the “right answers” as well as the “right ways” to 
solve problems; students existing knowledge has little relevance in these environments” 
(p. 142).  In contrast, “Constructivism in practice includes the ambiguities, 
contradictions, and compromises that are part of implementing constructivist instruction” 
( p. 132). 
Summary 
Berlo (1960), Woodruff (1951), Travers (1965), and Gagne (1977) all defined 
learning in terms of behavioral changes to a given stimulus.  This study applies this 
definition of learning.  For purposes of this research, achievement equals the difference 
of a students post-test and pre-test scores. The items of the pre-test and post-test are 
identical but listed in reverse order.  Thus achievement measures changes in behavior 
under similar situations. 
Learning Styles 
Schramm (1954) and Berlo (1960) indicated that an important element in the 
communication process is the receiver.  In education, the receiver is the student.  The 
message source, the teacher, needs to consider the uniqueness of the receiver when 
crafting a message.  Optimally, the characteristics of the message should be aligned with 
the perceptual strengths of the receiver.  Consequently, teachers need to be aware of the 
learning styles of their students. 
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Keefe defined learning style as how a learner “perceives, interacts with, and 
responds to the learning environment” (1988, p. 3).  DeBello identified learning style as 
the “way people absorb, process and retain information” (1990, p. 204).  Reinert (1976) 
stated that learning style was “the way in which that person is programmed to learn most 
effectively, i.e. to receive, understand, remember, and be able to use new information” (p. 
161).  Berlo (1960) described an initial step of learning as the perception or decoding of 
the stimulus.  This is done with the senses.  Thus, understanding the individual 
characteristics regarding sensory intake and decoding is significant. 
There are several constructs regarding individual sensory intake characteristics. 
French (1975) conceptualized seven perceptual style elements with regard to ways of 
receiving new information; print-oriented, aural, oral (interactive), visual, tactile (haptic), 
motor (kinetic) and olfactory.  Someone who is print-oriented had a “Dependency on 
reading and writing” (p. 3).  An aural style indicates the person is “A listener; doesn’t say 
much” (p. 3).  The oral (interactive) style person is “A talker; learns through discussion” 
(p. 3).  A visual person “Must have many visual stimuli and visual representations” (p. 4).  
A tactile person “Has to touch everything and everyone” (p. 4).  The motor style indicates 
a person who “Has to move about while learning anything”. (p. 4).  The olfactory 
learning style indicates a person who “Learns through taste and smell” (p. 4).  
The styles listed by French not only note the senses that are used for sensory 
intake and decoding but also include how an individual might perceive a stimulus.  The 
underlying assumption is that the individual is an active participant gathering information 
rather than a passive sponge. 
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Dunn and Dunn (1978) described four “senses” in which individual differences 
may occur:   
Youngsters who learn through their auditory sense can differentiate 
among sounds and can reproduce symbols, letters, or words by hearing 
them…   Youngsters who learn through the visual sense can associate 
shapes and words and conjure up the image of a form by seeing it in their 
mind’s eye… Youngsters who learn through their tactual sense cannot 
begin to associate word formations and meanings without involving a 
sense of touch…Youngsters who learn through their kinesthetic sense 
need to have real-life experiences in order to learn to recognize words and 
their meanings. (pp. 13-14) 
 
Reinert used a model that included four categories.  Visual indicated an 
importance in seeing the objects and activities.  The other three categories were written 
word, listening and activity. 
There are several instruments that measure this aspect of learning styles.  
However, there is debate regarding certain principle constructs.  Barbe and Milone used 
the term modality strengths.  “A modality strength implies the superior functioning in one 
or more perceptual channels and is assessed through a task of some kind” (1981, p. 378).  
Gilley (1975) used this idea of modality strength in the development of the Multi-Modal 
Paired Associates Learning Test.  Participants perform learning activities that correspond 
with each of the modalities.  The comparison of post-test scores indicates the proficiency 
of the individual in each modality.   
  Another set of learning style instruments seeks to measure an individual’s 
modality preferences.  Self-reporting instruments include the Learning Style Inventory 
(Dunn & Dunn, 1978), the Perceptual Modality Preference Survey (Cherry, 1981) and 
numerous others. 
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Barbe and Milone argued that modality strengths and modality preferences are 
different.  However, they did admit that “While most adolescents and adults probably 
prefer to use their strongest modality, there is no guarantee this will be the case” (1981, p. 
378). 
Dunn and Carbo cited four studies they claim “verify the increased academic 
achievement that occurs when students are taught through their identified perceptual 
preferences” (1981, p. 381).  Kalin and McAvoy (1973) found that students had higher 
learning rates when allowed to use the sensory channels of their choice.  This study 
concluded that students were aware of the channels that most efficiently aided their 
learning.  
However, Cherry (1981) found low to slight correlations between the responses 
from adults to the self-reporting Perceptual Modality Preference Survey and the modality 
strengths from the Multi-Modal Paired Associates Learning Test.    These correlations did 
increase for subjects with more years of formal education and understanding of learning 
style concepts. 
One issue when measuring modality preferences using self-reporting surveys is 
determining why an individual prefers the modality.  Hall (1995) gave elementary 
students a list of activities corresponding to learning modes and asked them to indicate 
whether they enjoyed the activity and whether they learned a lot from the activity.  For 
example, 80% of students said they enjoyed programs on television or video but only 
55% said they learned a lot from this activity.  Conversely, while only 41% of students 
enjoyed reading about a topic, 57% said they learned a lot from the activity. 
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Findings from Modality Strengths Research 
Gilley based the Multi-Modal Paired Associates Learning Test on the seven 
personal learning styles developed by French (1975).  Gilley (1975), Cherry (1981) and 
Schaiper, Jr. (1983) used this instrument in their research.  Study results from each 
indicated the existence of these seven personal learning styles.   
Yount (1988) also used this instrument and along with Gilley, Cherry and 
Schaiper, Jr. concluded that perceptual learning styles were individualized and varied 
among persons.  Barbe and Milone (1981), also using an activity based assessment of 
modality strengths in a study involving one thousand school children and their teachers, 
similarly concluded that perceptual modality strengths varied among individuals. 
Even though individual modality strengths vary among individuals, certain 
modalities strengths appeared to be more prevalent.   Gilley’s study, involving twenty-
four grade three children, found that both high achievers and low achievers processed 
information with greater efficiency with the haptic and visual modalities. The research of 
Schaiper, Jr., involving fifty-three university students ranging in age from eighteen to 
thirty, found the visual modality to be most dominant while the print and interactive 
modalities were also strong.  Cherry’s research, involving ninety-six adult volunteers 
ranging in age from nineteen to sixty-eight, also found the visual modality to be most 
dominant and the haptic modality next.   
Supporting these findings of the predominance of the visual modality, Kay (1958) 
found that students generally learned more from visual presentations, and approximately 
four percent performed significantly better through audio.  Kay argued that providing 
instruction through a single mode might disadvantage certain students.  
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Barbe and Milone (1981) found that primary grade children were more auditory 
than visual.  They also conclude that modality strengths shift some time between 
kindergarten and sixth grade.  Vision becomes the dominant modality and kinesthesia 
overtakes the auditory modality.  A second shift occurs between the late elementary 
grades and adulthood.  Vision remains dominant and the auditory modality overtakes 
kinesthesia.  Barbe and Milone (1981) argued that these shifts reflect the nature of an 
individual’s activities:  “These shifts reflect the changing environment of children.  
Young children interact with peers and adults primarily by speaking and listening.  When 
they enter school, however, the situation changes drastically.  For much of their waking 
day, they are expected to use the visual modality (through reading) and the kinesthetic 
modality (through writing).  Teachers suppress audition, sometimes actively, in an effort 
to maintain an orderly classroom” (p. 378).   
Barbe and Milone (1981) indicated that the second shift, to visual and auditory 
modalities, reflects the increasing significance of audio activities in the attainment of 
information and the reduction in kinesthetic activities.   For older children, modality 
strengths tend to integrate as individuals have opportunities to develop skills using 
different modalities.  Thus, adults are more likely to have mixed modality strengths than 
children. 
 Barbe and Milone (1981) also found a strong interaction between the modality 
strengths of students and those of their teachers.  “Certain combinations of student and 
teacher modality strengths were associated with more rapid gains on the standardized 
test” (p. 379).  They surmised that teachers tended to conduct activities that reflect their 
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own learning styles.  Achievement will be enhanced when these instructional activities 
are correlated to the student learning styles. 
Summary   
 The different theories of learning discussed in this chapter stated that one must 
interact with the environment in order to learn.  Our senses are the tools we use to gather 
data for analysis.  The research of Gilley (1975), Cherry (1981), Yount (1988), and 
Schaiper, Jr. (1983) indicate that individuals differ in the effectiveness of their senses in 
gathering information.  
 There is controversy about the differences, if any, between modality preferences 
and modality strengths.  On one side is the belief that individuals are aware of the senses 
that work best for them and their preferences will reflect this.  Kalin and McAvoy (1973) 
and Dunn and Carbo (1981) provided empirical evidence that achievement increased 
when students were allowed to use the sensory channels of their choice.  The Perceptual 
Modality Preference Survey, used in this research, measures the strength of modality 
preferences. 
Conversely, Barbe and Milone (1981) contend that preferences and strengths are 
not necessarily related.  Cherry (1981) found little correlation between strongly preferred 
modalities and the modalities in which subjects completed tasks most effectively.   
Counting 
Counting plays a significant role in fundamental probability.  One common 
application is the popular pastime of playing the lottery.   In many states, a player wins if 
the numbers on their ticket match the set of randomly drawn winning numbers.  A lottery 
ticket containing a single set of numbers gives one chance of winning the grand prize. 
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In order to calculate the probability of winning the grand prize, we need to count 
the set of all possible number combinations.  The probability that a ticket wins the grand 
prize is one divided by the number of possible combinations. 
The set of possible number combinations can run in the millions.  Listing and 
counting each individual combination is impractical.  Thus, we perform calculations to 
determine how many possible combinations there are.   
 Counting is included with an array of topics that come under the label of discrete 
mathematics.  “Discrete mathematics, then, potentially involves the study of objects and 
ideas that can be divided into “separate” or “discontinuous” parts” (Dossey, 1991, p.1).   
The possible lottery number combinations that we counted above are each separate.  
Hence, they are discrete. 
 The Principles and Standards for School Mathematics (National Council of 
Teachers of Mathematics, 2000) includes topics from discrete mathematics from grades 
kindergarten through 12. (p. 31).  Specifically, the Number and Operations Standard 
states, “In grades 9 – 12, all students should develop an understanding of permutations 
and combinations as counting techniques” (p. 290). 
 The American Mathematical Association of Two-Year Colleges published 
Crossroads in Mathematics:  Standards for Introductory College Mathematics Before 
Calculus.  Included is a standard for discrete mathematics, “Students will use discrete 
mathematical algorithms and develop combinatorial abilities in order to solve problems 
of finite character and enumerate sets without direct counting” (1995, p. 14). 
 Gardiner notes that problems in discrete mathematics, including counting 
problems, are difficult for students. “Second, though the subject matter of discrete 
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mathematics is elementary in the sense that it has few technical prerequisites, much of it 
is intrinsically unnatural to the average adolescent “(1991, p.12).  Gardiner then argues 
that “Much that can be made accessible requires very careful teaching if it is to become 
natural, for example, the product rule of counting ” (1991, p. 13). 
Summary 
 The topic of counting was selected for this research precisely because it is 
difficult for students to grasp.  Gardiner’s argument that counting requires careful 
teaching emphasizes the need to determine if instructional activities limited to text and 
graphics communication are adequate to afford students sufficient opportunities to learn.   
Mathematics Instruction on the World Wide Web 
 There had not been widespread use of the World Wide Web as the primary 
vehicle for college mathematics instruction.  A 1999 survey of 774 community college 
web sites nationwide found that 34% of these indicated that the college offered online 
courses.  However, only 10% offered online courses in mathematics.  (Miller, 1999)  
These findings may help explain the paucity of research regarding the effectiveness of 
online mathematics courses. 
 Weems (2002) compared the achievement of a face-to-face section of remedial 
beginning algebra students with an online section of students.  Students in the online 
section were expected to use textbook, instructional video, compact disk tutorial, and 
electronically mailing the instructor to learn the material.  Although test scores for the 
two groups were not significantly different, the three exam scores for the online students 
consistently decreased from one exam to the next. 
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 Mathews-Lopez, et al. (2002) compared the achievement of students enrolled in 
three sections of remedial mathematics.  Each section received some instruction via the 
materials on the World Wide Web.  The class attendance requirements were the main 
treatment differences being tested.  Results indicated that students met the minimum 
attendance requirements, yet seldom exceeded them.  The group with the most stringent 
attendance requirements attained the greatest gain scores.  The group with the most lax 
requirements had the lowest gain scores. 
 LaRose and McDonald (2000) developed World Wide Web sites to enhance their 
face-to-face instruction.  Students utilized these sites frequently and found them helpful. 
 Miller (1999) surveyed eight deans of mathematics departments at community 
colleges who were not offering online courses.  Four indicated a lack of adequate 
hardware; three indicated lack of adequate funding; three indicated they were just getting 
connected to the Internet; three indicated lack of adequate faculty training; two indicated 
lack of support from within the division; and two indicated lack of support from the 
administration. 
 Though only eight people responded to this survey, this feedback is informative 
regarding the obstacles that must be overcome in order to offer an online course in 
mathematics.  Garza, et al. (2000) developed an online mathematics course that utilized 
animated graphics, sound, and video.  The computer applications needed to develop this 
course included word-processing, multimedia software, photograph editing software, a 
hypertext markup language editor, and a sophisticated mathematics program. 
 LaRose and McDonald (2000) included video in their web sites.  Weems (2000) 
used an instructional video that came with the textbook.  Galminas and Autrey (2000) 
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used a course management system to facilitate instruction and provide a medium for 
interaction. 
 This research provides an indication that to offer an online course in mathematics 
that utilizes effective instructional strategies requires significant investments in computer 
hardware and software.  Colleges need to make training accessible to faculty, and faculty 
need to commit significant amounts of time in training as well as course development. 
Galminas and Autrey (2000) reflect on their experiences, “With the need for major 
modifications to the existing infrastructure, the cost of implementing an online program 
could be prohibitive.  Without the kind of support we had for this project in terms of 
equipment, release time, and faculty education, this project would have been doomed 
from the start” (p. 66). 
Summary 
 Garza, et al. (2000), Weems (2000) and LaRose and McDonald (2000) included 
video files in their Web-based mathematics instruction.   By providing multiple clues, 
these instructors used richer communication media. (Trevino, Lengel and Daft, 1987)   
Generalizations From the Literature 
 The review of these several areas of research theory lead to the following 
generalizations which have value in interpreting the findings of this study:  
1. Communication is an ever-changing, continuous process. 
2. Use of a variety of cues to send messages enhances communication quality.   
Media that enable the use of multiple cues is considered “richer”. 
3. Feedback, an integral component of the communication process, enables 
participants to verify that messages were interpreted accurately.  Timely feedback 
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enhances communication quality.  Media that enable instantaneous feedback are 
considered “richer”. 
4. The message receiver is the most important element of the communication 
process.  Optimally, the characteristics of the message should be aligned with the 
perceptual strengths of the receiver.  
5. Learning styles, “the way people absorb, process and retain information” 
(DeBello, 1990, p. 204), vary among individuals.  One aspect of learning styles, 
perceptual modalities, deals with sensory intake characteristics. 
6. Perceptual modality preferences are ascertained through use of surveys.  Research 
indicates that students have higher levels of achievement when able to use their 
preferred perceptual modalities.  (Dunn & Carbo, 1981; Kalin & McAvoy, 1973) 
7. Perceptual modality strengths are measured through in-mode assessments.  
Research indicates that perceptual modality strengths may not necessarily be 
aligned with perceptual modality preferences.  (Barbe & Milone, 1981; Cherry, 
1981) 
 
 
CHAPTER III 
METHODOLOGY 
 
 This chapter describes the design of the study including areas such as the purpose, 
subjects, course materials, test instrument, Perceptual Modality Preference Survey, 
procedures, and data analyses. 
The Purpose 
This research focused on instruction limited to text and graphics communication, 
offered through a combination of hypertext media and textbook, to community college 
students.  The purposes of this research were twofold: 
• assess the overall effectiveness of instruction that is limited to text and graphics 
communication; and 
• determine the patterns, if any, between the strength of individual learning modality 
preferences and achievement.  
The study addressed the following research questions:   
1.  How well did students learn the content in this topic area, when the mode of 
mathematics instruction was limited to text and graphics communication, offered 
through a combination of hypertext media, electronic mail interactions, and 
textbook?  
2.  Are there patterns between the strength of preferences for the seven perceptual 
modalities and student achievement? 
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2a.  Is the achievement of students with strong preferences for either the print or 
visual modalities greater than the achievement of students without strong 
preferences for the print or visual modalities? 
2b.  What are the learning modality preferences that are characteristic of high 
achievers and low achievers? 
2c.  What is the achievement level of students with various modality preferences? 
Subjects 
 The study included volunteering students, age 18 or older, enrolled in MATH 
1530, Probability and Statistics, at Walters State Community College (WSCC) during fall 
semester of 2002.  Walters State Community College offered fifteen sections of this 
course during the fall semester. 
According to the 2002-2003 Catalog/Student Handbook of Walters State 
Community College (2001), the course description for MATH 1530, Probability and 
Statistics, read as follows: 
An introduction to probability and statistics without calculus including 
descriptive statistics, probability distributions, the normal distribution, 
testing hypotheses, the t-test, and estimates and sample sizes.  The student 
should check transfer institution catalogs to decide between MATH 1530 
and MATH 2050 Probability and Statistical Applications.  (Prerequisite:  
Two years of high school algebra and one year of geometry in high school 
or completion of developmental mathematics.) (p. 150) 
 
Students who were not required to take developmental mathematics courses and 
who had successfully completed the required high school mathematics courses were 
eligible to register for MATH 1530.  Students who had successfully completed required 
developmental mathematics courses were also eligible to register for MATH 1530.  This 
course is often the first college-level mathematics course for many students. 
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MATH 1530 was included in the set of General Education Courses (Walters State 
Community College, 2001, p. 55).  This course satisfied the mathematics elective 
requirement that was present in many degree programs at Walters State.  Other degree 
programs, such as the Associate of Science – Psychology Emphasis, specifically required 
MATH 1530. (Walters State Community College, 2001, p. 63)  Thus, many students 
enrolled in MATH 1530 are majoring in areas other than mathematics. 
Six faculty, teaching a total of seven sections, agreed to allow their students to 
participate.  All six faculty had taught MATH 1530 previously.  Three of the six had 
earned their doctorates.  Their seniority ranged from four to twenty-three years.  The 
preparation of all students for this lesson was comparable and appropriate.  Each of these 
faculty regularly used electronic mail for correspondence.  All faculty were familiar with 
using the email component of WebCT, an Internet-based class management application.  
Therefore, these faculty were able to communicate with their students via electronic mail 
effectively.  
Data were obtained from 112 Walters State Community College students enrolled 
in MATH 1530, Probability and Statistics, during the fall semester of 2002.   Seven 
sections of this course were included.  Four of the seven sections used in this project were 
offered at the Morristown Campus, two at the Greene County Campus, and one at the 
Sevier County Campus.  Section meeting times ranged from early morning to late 
afternoon. Table 3.1 gives the meeting days and times for each section, the campus 
location and the number of subjects. 
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Table 3.1:  Times, Days, Locations and Number of Subjects for Participating 
Sections of MATH 1530 
 
Time Days Location Number of 
Subjects 
8 a.m. – 8:55 a.m. Mondays, Wednesdays 
and Fridays 
Morristown 15 
9:05 a.m. – 10:00 
a.m. 
Mondays, Wednesdays 
and Fridays 
Morristown 20 
11:15 a.m. – 12:10 
p.m. 
Mondays, Wednesdays 
and Fridays 
Morristown 11 
4:30 p.m. – 5:55 
p.m. 
Mondays and 
Wednesdays 
Morristown  9 
2:20 p.m.– 3:45 
p.m. 
Tuesdays and 
Thursdays 
Sevier County 28 
2:30 p.m. – 3:55 
p.m. 
Mondays and 
Wednesdays 
 
Greene County 11 
4:30 p.m. – 5:55 
p.m. 
Tuesdays and 
Thursdays 
 
Greene County 18 
 
Course Materials 
The syllabus for MATH 1530 for the fall semester of 2002 is in Appendix A.   Of 
the nine competencies listed on the syllabus for MATH 1530, competency number 3 and 
competency number 9 related to the topic of “counting” and read as follows: 
The student will develop and demonstrate: 
3.  Compute probabilities including the use of the addition rule, the 
multiplication rule, conditional probabilities, and counting techniques. ... 
9.  Use computer programs and/or a graphing calculator to perform 
statistical analysis.  
 
The textbook used for MATH 1530 was Essentials of Statistics by Triola (2002).  
The concepts and skills taught in connection with this research were included in Section 
3-6 entitled “Counting”.   
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 The researcher developed a series of pages on the World Wide Web as a source of 
instruction for this topic.  Pictures of certain of these Web pages are included in 
Appendix I.  The instruction contained on these pages was divided into four parts.  A 
description of each part follows. 
Introduction 
 The Introduction served as an orientation detailing the various components of the 
instruction. The competencies students should attain following completion of the lessons 
were listed.  The Introduction included a discussion of various aspects of the instructional 
activities. 
 A section showed students how to email questions to their instructor.   Walters 
State Community College had been using the Internet-based course management 
program, WebCT.  This product included a component that enabled students to send 
electronic mail messages to their instructor and other students.   
Many Walters State instructors provided training to their students regarding use of 
WebCT.   In case there were students who hadn’t received this training, this section of the 
Introduction included directions detailing how to use the electronic mail component of 
WebCT for their class.  A more detailed discussion of WebCT is provided in this chapter 
under the heading Electronic Mail. 
Next was an overview of the activities included in the lessons in order to 
familiarize students with the format.  A statement that these lessons can be viewed from 
any computer with access to the World Wide Web was included to encourage students to 
review this instruction even when not in the classroom.  Homework problems were listed 
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with a statement stressing the importance of performing this work as a requirement for 
learning. 
How Counting Relates to Probability 
 The first section of instruction, How Counting Relates to Probability, was 
predominantly a review of the basic principles of probability.  This part included defining 
fundamental terms in probability.  Students were also referred to the appropriate pages in 
their textbook. 
Examples on these Web pages showed application of these definitions to simple 
experiments.  Four examples dealt with tossing a fair coin.  In the first two examples, the 
elements of the sample space (i.e. the set of all possible outcomes of an experiment) were 
listed when the coin was tossed once, then twice.   
In the third example, the coin was tossed three times.  The tree diagram was 
introduced as a process to list the all elements of this sample space in an orderly manner.  
The tree diagram listing the elements of the sample space when the coin was tossed three 
times was demonstrated. 
 The first activity asked students to develop a tree diagram when a fair coin was 
tossed four times.  Students were to draw the diagram on a sheet of paper, and then click 
on the link to check their work.  This link sent students to a separate web page that 
provided a graphic of a tree diagram that accurately listed all the elements of the sample 
space.  A link at the bottom of this page returned students to the lesson.  
 Immediately following this activity was a section entitled “Questions?”.   This 
section began with the following text: 
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I hope you got the tree diagram right. If you do have any questions about 
this material, feel free to email your instructor. If you are currently at a 
Walters State computer, I would recommend you use WebCT to email 
your instructor. Click on the link below to go to WebCT. 
If you are at home looking at this material, you can still use WebCT or 
you may be able to click on your instructor's email address from the list 
below to send a message. 
 
 The purpose of this statement was twofold.  First, the statement served to 
reinforce the idea that students can view this material from home.  Second, the statement 
informed students of alternative ways of sending electronic mail to their instructor.  A 
link to WebCT as well as email links to each of the participating faculty were included. 
 The next section of instruction was entitled “The Tree Diagram Got Pretty Big”.  
The purpose of this section was to communicate the idea that the process of listing the 
elements of the sample space could become unwieldy even in very simple experiments.  
Alternatives were needed to determine the number of elements in the sample space. 
 Instruction then turned to developing a methodology to calculate the number of 
elements in the sample space without having to list and count them individually.  Patterns 
were noted in the results from the four examples of tossing a fair coin.   A procedure was 
developed to calculate the number of elements in the sample space.   
Students were then directed to read specific examples in the textbook that 
expanded on these concepts.  The goals of this strategy were to provide additional 
instruction while reinforcing the importance of reading the textbook. 
 The next section consisted of the first three-item, multiple-choice quiz.  This quiz 
was not part of either the pre-test or post-test.  Student scores on this quiz were not 
recorded.  The sole purpose of this quiz was to afford students the opportunity to assess 
their understanding of the instruction.  Directions for the quiz were as follows: 
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 The purpose of this activity is to help you determine whether or not you 
understand the concepts, and to correct any misconceptions you might 
have.  
Please work these problems. Click on the answer that you think is 
correct.  If your answer is correct, proceed to the next question. If your 
answer is incorrect, please re-think your analysis and try another answer. 
 
Each quiz item contained one correct answer and three distracters.  Feedback was 
given for each response.  For example, Question 1 of the quiz was as follows: 
1. A spinner has the numbers 1, 2, 3, 4 and 5. If the spinner is spun 7 
times, the total number of possible outcomes (simple events) is  
 
a. 75  
b. 5 + 7 
c. 57  
d. 5 * 7 
 When students selected the correct answer, c. 57 , they received the following 
feedback: 
57 is the correct answer! The spinner is spun 7 times and there are 5 
possible results for each spin. Thus there are 5*5*5*5*5*5*5 or 57 
possible outcomes. 
Good job. 
Please click on the link below to return to the activity and proceed to 
question 2.  
 
 If a student selected a distracter, he/she received feedback to help rectify 
misunderstanding.  If the student selected the distracter, b. 5 + 7, from the above problem, 
the following feedback was displayed: 
5 + 7 is not the correct answer. 
The spinner is being spun 7 times. Think about what the simple elements 
of the sample space will look like: 
(1st spin result. 2nd spin result, 3rd spin result, 4th spin result, 5th spin 
result, 6th spin result, 7th spin result) 
Ask yourself how many possible results are there for each spin.  
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Please go back and look at the previous examples about the coin. For 
further information, please look at your textbook on pages 156 and 157. 
The examples entitled "Computer Design" and "Chance and Skill" may be 
helpful. 
 
 This first part of instruction concluded with a discussion of the application of 
these principles to the calculation of probabilities.  An example was included. 
Calculating the Number of Simple Events 
 The second part of instruction was entitled “Calculating the Number of Simple 
Events”.  This part began with examples that built on the concepts taught previously but 
with new applications.  These examples led to the first formal rule, the Fundamental 
Principle of Counting. 
 The next example focused on a particular application of the Fundamental 
Principle of Counting.  The example asked, “Suppose we have a group of 10 people. How 
many different line-ups of all 10 people are there?”  This instruction dealt with the 
number of possible ordered arrangements when all items were used.  At this point, 
students clicked on a link to view a calculator tutorial on how perform the appropriate 
calculations. 
 The next section following the calculator tutorial was entitled “Everything OK?”.  
This section encouraged students to email questions to their instructor and provided links 
to facilitate. 
 The instruction continued with two examples concerning the number of possible 
ordered arrangements when not all the items are used.  A second calculator tutorial was 
provided.  Students were referred to their textbook to read specific examples. 
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 The lesson continued with a discussion of ordered arrangements when there are 
identical items.   The first example dealt with the number of possible ordered 
arrangements of three boys and two girls.  Individual boys could not be distinguished nor 
could individual girls.  The formula was developed.  A second example applied this 
formula.  A calculator screen was shown to demonstrate calculator usage. 
The next topic concerned unordered arrangements, also known as combinations.  
The formula for calculating the number of possible combinations was developed along 
with appropriate notation.  A third calculator tutorial regarding combinations was also 
provided. 
 Instruction continued with the second three-item, multiple-choice quiz.  This quiz 
was not part of either the pre-test or post-test.  Student scores for this quiz were not 
recorded.  The sole purpose of this quiz was to give subjects the opportunity to assess 
their understanding of the instruction.  Again, each item had one correct answer and three 
distracters.  Feedback for each distracter was tailored to assist the student to correct their 
misunderstanding of the concepts. 
 This part concluded with a reminder to email questions to their instructor if 
needed.  Links to WebCT as well as email links to each participating instructor were 
included. 
Now We’ll Do Some Problems 
 This part began, “The purpose of this section is to provide you a process to 
analyze these problems so that you perform the appropriate calculations correctly. These 
examples are problems which were not assigned on pages 152 through 154.”  The 
homework assignment was restated here as a reminder. 
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A six-step procedure was described.  Each step included a brief explanation of 
that step’s relevance to solving problems.  This procedure was demonstrated in four 
example problems taken directly from the textbook exercises.  The Web-based instruction 
ended here. 
Characteristics of the Web Pages 
 A consistent format was used for each instructional web page.  The researcher 
believed that this consistent format would assist students in understanding the layout of 
the material from page to page, and enable them to navigate more easily. 
The name Walters State Community College with a picture of a building in the 
background was at the top left corner of each page.  Links to various College offices ran 
across the top and down the left side.  These links were developed by the web master of 
the College and are widely used on school web sites. 
 Each page of the first two parts of instruction began with a descriptive heading in 
bold at the top.  Certain pages included an image near the upper left corner.   
A clearly defined link to the next page was placed at the bottom right corner of 
each page.  Each link included a text description and a blue arrow pointing to the right. 
Answers in the multiple-choice quiz were listed vertically down the left side.  
Each page containing response feedback provided specific instructions regarding what to 
do next. 
Pilot Study  
This Web-based instruction was piloted during the spring semester of 2002 with 
sixteen students enrolled in a Business Statistics class that the researcher was teaching.  
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Students found the instruction was clear.  Navigation among the pages was easy.  
Students cited two typographical errors that were corrected.  
All students in the pilot study completed the instruction contained on the World 
Wide Web pages within one and one-half hours.  Using this as a guideline, two class 
periods of 55 minutes were determined to be sufficient for research subjects.  
Electronic Mail  
Walters State uses the Internet-based class management program, WebCT.  Each 
student had an account on WebCT that could be accessed from computers connected to 
the World Wide Web.  WebCT includes a component that enables students and faculty to 
email each other.  This email component was used in this study.  The procedure students 
followed to use email is described below. 
Links to the WebCT homepage were provided six times in the Web-based 
instruction.  Once at this page, students were directed to enter their identification 
numbers and passwords.  There were help screens if students did not know either of these 
pieces of information. 
Upon entering their account, students came upon a page with their name at the top 
and links to each of their classes down the side.  When students clicked on the link for a 
particular class, they reached a page that contained links to various tools and information.  
A link to electronic mail was shown here. 
Within email, links provided access to the contents of the inbox and outbox.  
Students opened messages in these boxes by clicking on their links.  Clicking on the link 
Compose Mail Message provided access to the area where students drafted and 
transmitted email correspondence.  
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Many faculty, though not all, utilize WebCT for their face-to-face and Internet 
classes.  Presumably, these students would have received training and had opportunity to 
become familiar with WebCT.  However, there may have been students who were 
unfamiliar with WebCT.  The Introduction part of the Web-based instructional contained 
step-by-step directions for the use of the electronic mail component of WebCT.  
The process of using electronic mail in WebCT did not appear complex.  All 
necessary commands are given by clicking on labeled links.  The availability of WebCT 
helped ensure that each student and the faculty member could email each other. 
Students could choose not to use WebCT to send electronic mail to their 
instructors.  Links to each instructor’s email address were provided five times in the 
Web-based instruction. 
Pre-Test and Post-Test 
 Each subject completed a pre-test and a post-test.  The pre-test consisted of 16 
multiple-choice items.  The items of the post-test were identical to those of the pre-test 
but listed in reverse order.  Some test items were taken from the textbook’s test bank, and 
other items were written by the researcher.  The test was reviewed by three Walters State 
Community College mathematics faculty to ensure that test items were aligned with 
instruction, and written in a manner to be understood by the students.  See Appendix D 
for the pre-test and Appendix E for the post-test. 
 The sixteen items of the post-test included four items in each of four categories.  
These categories were Fundamental Principle of Counting Problems, Permutation 
Problems 1 (arrangements when not all items used), Permutation Problems 2  
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Table 3.2:  Problem Categories and Corresponding Post-Test Problems 
Problem Category Post-Test Problems 
Fundamental Principle of 
Counting Problems 
 
1, 7, 11, and 12 
Permutations Problems 1 
(arrangements when not all items 
used) 
 
3, 5, 6, and 14 
Permutations Problems 2 
(arrangements when all items used 
and arrangements when there are 
identical items) 
2, 8, 9, and 15 
Combinations Problems 
 
 
4, 10, 13, and 16 
 
(arrangements when all items used and arrangements when there are identical items), and 
Combination Problems.  Table 3.2 above shows the post-test items used for each of the 
four categories.  
Each item contained one correct answer and three distracters.    Each distracter 
was based on errors that students might realistically make.    
For purposes of scoring, the distracters for each item were ranked according to the 
seriousness of their error.  Three mathematics faculty and the researcher ranked the 
distracters for each item of the test.  The item distracter that reflected the least serious 
error was ranked 1, the next more serious error was ranked 2, and the most serious error 
for each item was ranked 3.    The distracter with the lowest total rank was assigned the 
least serious error for that item.  The distracter with the next lowest total rank assigned 
the next more serious error, and the distracter with the highest total rank was assigned the  
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Table 3.3:  Faculty Rankings of Pre-Test Distracters 
(1 = Least Serious Error, 2 = Next More Serious Error, 3 = Most Serious Error)  
 
Item 
Number 
Item Response 
       A                      B                     C                    D 
1 2, 1, 3, 2 3, 3, 3, 3 1, 2, 1, 1 correct 
2 1, 1, 3, 1 correct 2, 3, 2, 3 3, 2, 2, 2 
3 correct 3, 3, 3, 3 2, 1, 2, 2 1, 2, 1, 1 
4 1, 1, 1, 1 correct 2, 2, 3, 2 3, 3, 2, 3 
5 2, 1, 3, 2 3, 3, 2, 3 correct 1, 2, 1, 1 
6 3, 2, 2, 2 2, 3, 3, 3 correct 1, 1, 3, 1 
7 correct 1, 1, 1, 1 2, 2, 2, 3 3, 3, 3, 2 
8 1, 2, 2, 2 correct 3, 3, 3, 3 2, 1, 3, 1 
9 3, 3, 3, 2 2, 2, 2, 3 1, 1, 1, 1 correct 
10 3, 2, 1, 2 correct 1, 3, 3, 3 2, 1, 2, 1 
11 2, 3, 2, 1 3, 2, 3, 3 1, 1, 1, 2 correct 
12 correct 1, 3, 2, 3 2, 1, 1, 1 3, 2, 3, 2 
13 1, 1, 1, 1 2, 3, 3, 3 3, 2, 3, 2 correct 
14 3, 3, 3, 3 2, 2, 2, 2 1, 1, 1, 1 correct 
15 1, 2, 1, 1 2, 1, 3, 2 correct 3, 3, 2, 3 
16 2, 2, 2, 2 3, 3, 3, 3 correct 1, 1, 1, 1 
 
 
most serious error.   Table 3.3 above shows the rankings given by the four instructors to 
each of the distracters. 
An item in which the correct answer was selected scored 3 points.  One point was 
given if the distracter with the least serious error was selected.  Selection of the distracter 
with the next more serious item scored –1 points.  Selection of the most serious error 
distracter scored –3 points.  An item in which no answer was selected scored 0 points.  
The score for an individual test equaled the sum of the scores for each of the sixteen 
items.  Possible test scores ranged from –48 to +48. 
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Test-Retest Study 
A test-retest estimate of reliability was conducted to measure the stability of this 
instrument over time. (Mehrens and Lehmann, 1984).  These data were also used to 
determine the extent to which the scoring system minimized the impact of random 
guessing. 
On August 30 of 2002, the test was administered to two sections of a pre-calculus 
course entitled Finite Mathematics.  Three weeks later, on September 20, the retest was 
administered to the same students.  No student in either section was enrolled in a statistics 
course.  Therefore, their knowledge regarding the topic of counting was assumed to be 
unchanged from the test to the retest.   
Students were asked to indicate whether they had been taught anything regarding 
the topic of “counting” previously.  Students who have never been exposed to counting 
principles were deemed more likely to select their answers by random guessing. 
The correlation of the test and retest scores was determined in order to assess the 
stability of the test.  “With this type of reliability estimate we can determine how 
confidently we can generalize from the score a person receives at one time to what he 
would receive if the same test had been given at a different time” (Mehrens and 
Lehmann, p. 272).   
Two-tailed t-tests at the 5% level of significance were used to determine whether 
the correlations were significantly different from zero.  This test was performed 
separately for those who indicated they had never been taught the principles of counting 
previously, and those who previously been taught something about counting previously.  
The program JMPIN was used for the statistical analysis of these data.   
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For the 22 students who had never been taught counting previously, the 
correlation of test scores to retest scores was .5201.  The corresponding t-value for the 
hypothesis test was 2.72, and the p-value was .0131.  Since the p-value was less than 5%, 
it was concluded that this correlation was significantly different from zero.   
For the 23 students who had been taught counting, the correlation between the test 
and retest scores was .5190.  The corresponding t-value for the hypothesis test was 2.78, 
and the p-value was .0112.  Since the p-value was less than 5%, it was concluded that this 
correlation was significantly different from zero.  This result provides evidence of a 
relationship between the test and retest scores for this group. The results from both 
groups provide evidence of the stability of this instrument. 
Random Guessing 
A second purpose of the test-retest study was to determine the extent to which the 
scoring system minimized the impact of random guessing.  Students with no pre-existing 
knowledge of the topic of counting were deemed more likely to guess randomly their test 
answers.   
The scoring system described above was developed in an effort to minimize the 
impact of random guessing on the test score.  The possible scores for each test item were 
–3, –1, 0, 1 and 3.  This scoring system included negative scores that directly offset the 
positive scores.   
If individuals responded randomly to each item, then probability of each of the 
five possible item point values would be .2.  The expected mean and standard deviation 
of the distribution of test scores were calculated using fundamental principles of statistics 
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based on the assumption of randomly guessed item responses.  The expected mean was 
equal to 0 and the expected standard deviation was equal to 32. 
The means and standard deviations of both the test and retest scores of the 22 
students who indicated no prior exposure to the concepts of “counting” were calculated.  
Even though it was presumed that their answers were randomly selected, some students 
may have guessed based on a notion of the reasonableness of the answer.   Table 3.4 
below shows the actual means and standard deviations of the pre-test of post-test scores 
for these 22 students.  
The mean scores for both the test and retest for these students is within a fraction 
of a standard deviation from zero.  Additionally, the standard deviations for both the test 
and retest are less than the expected standard deviation from the theoretical model.  Thus, 
test scores for these 22 students are distributed closer to the mean than was expected in 
the theoretical model.  This supports the contention that the scoring system minimized the 
impact of random guessing.   
 
Table 3.4:  Expected Means and Standard Deviations of Test Scores from 
Theoretical Model, and Actual Means and Standard Deviations from 22 Students 
with No Prior Instruction in “Counting” 
 
 Expected Values 
from Theoretical 
Model 
Actual Values 
from Pre-Test 
Scores 
Actual Values 
from Post-Test 
Scores 
Mean 
 
0 -1.8 -.6 
Standard 
Deviation 
32 14.7 12.5 
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Twenty-three students indicated that they had previously been taught something 
about the concept of “counting”.  The average test score for this group was 9.3 with 
standard deviation of 13.0.  The average retest score was 7.7 with standard deviation of 
13.2.   
Perceptual Modality Preference Survey 
The Perceptual Modality Preference Survey (PMPS) (Cherry, 1981) was designed 
“to survey each subject’s intuitive assessment of his or her own perceptual learning style, 
and report those styles in rank order” (p. 17).  These seven perceptual learning styles, 
listed and defined in Chapter I, are those outlined by French (1975).  The survey 
document and scoring sheet are shown in Appendix F. 
Each of the 42 items asked subjects to indicate their preference between two 
activities that reflected different perceptual modalities.  Each item was a declarative 
statement that began with the phrase, “I can learn better by”.  For instance, Item 1 read “I 
can learn better by reading than by listening.”  Subjects selected one of the four possible 
responses of Always, Usually, Seldom or Never.  These responses gauged the strength of 
the individual’s preference.   
Each perceptual style element was contrasted with each of the other style 
elements twice.  The second comparison reversed the order of the two perceptual style 
elements. 
A positive score was given if the subject’s response indicated an acceptance of the 
perceptual learning style.  A negative score was given if the response indicated rejection 
of the learning style.  For each survey item, one learning style received a positive score 
and the contrasted style received a negative score. 
 74
Total raw scores for each modality of the Perceptual Modalities Preference 
Survey ranged from –36 to +36 (Cherry, 1981).  Cherry (1981) used raw score ranges of 
+17 to +27 and +28 to +36 to define the two highest groups for a modality preference.  
For purposes of this analysis, students with a raw score of +17 or greater were considered 
to have a strong preference for that modality. 
Research concerning the validity and reliability of the Perceptual Modality 
Preference Survey has given mixed results.  Schaiper, Jr. (1983) and Cherry (1981) found 
only low to slight correlations between modality preferences attained from the PMPS and 
modality strengths obtained from the Multi-Modal Paired Associates Learning Test, an 
in-mode, performance assessment.  Cherry did find that these correlations increased as 
years of formal education and knowledge of learning styles increased.   
Harvey (2002) used the survey results of 422 respondents to investigate the 
validity and reliability of the PMPS.  The PMPS showed favorable results in four 
different measures assessing construct validity; the chi-square test, the Root Mean Square 
Error Approximation, the Comparative Fit Index and the Goodness of Fit Test.  
Harvey (2002) reported that the Goodness of Fit Index for each of the seven 
perceptual modalities was .95 or greater.  All indices were greater than minimum 
acceptable Goodness of Fit Index of .9.  Only the Comparative Fit Indices for the visual 
(.93) and interactive (.91) modalities were less than the minimum acceptable value of .95.  
The Root Mean Square Error Estimates for all modalities were less than the maximum 
acceptable value of .08.  
Harvey calculated the Cronbach Coefficient alpha to assess the internal 
consistency of the instrument as a measure of its reliability.  For each of the seven 
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perceptual modalities, the Cronbach Coefficient alpha was between .6 and .8, which was 
considered acceptable. 
The results from this data set were again favorable.  Harvey concluded, “The 
construct validity and reliability were both estimated and scored significantly appropriate 
to propose that the PMPS does determine a person’s perceptual modality preference”  
(Harvey, 2002, p. 28). 
This researcher met with the author of the PMPS, Edward Cherry, and obtained 
permission to use this instrument in connection with this research. 
Procedures 
A list was made of the full-time faculty who would be teaching MATH 1530, 
Probability and Statistics, during the fall semester of 2002.  These faculty received a 
written description of the research, explanation of the activities with the approximate 
time needed for each, and a request to indicate if they would allow their section to be 
included.  See Appendix B for this written description.  Six faculty agreed to allow 
students in their section to participate in this research.  One faculty member was teaching 
two sections of MATH 1530.  Therefore, a total of seven sections were included. 
Research activities included four components; introductory activities, 
administration of the pre-test and PMPS, Web-based instruction, and administration of 
the post-test and survey.  The researcher met with individual faculty members to schedule 
activities at times that met needs of the class and research requirements.  The schedule of 
these activities for each class is shown in Table 3.5 on the next page. 
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Table 3.5:  Research Activities Schedule 
Class Introductory 
Activities 
Administration 
of Pre-Test 
and PMPS 
First 
Computer 
Session 
Second 
Computer 
Session 
Administration 
of Post-Test 
and Survey 
8 a.m. – 
8:55 a.m. 
Morris-
town 
September 23 September 25 September 
30 
October 2 October 7 
9:05 a.m. 
– 10 a.m. 
Morris-
town 
September 23 September 25 September 
30 
October 2 October 7 
11:15 
a.m. – 
12:10 
p.m 
Morris-
town 
September 25 September 30 October 7 October 9 October 14 
4:30 
p.m. – 
5:55 
p.m. 
Morris-
town 
September 25 October 2 October 2 October 7 October 14 
2:20 
p.m. – 
3:45 
p.m. 
Sevier 
County 
September 24 September 26 October 1 October 3 October 8 
2:30 
p.m. – 
3:55 
p.m. 
Greene 
County 
September 23 September 30 October 2 October 7 October 14 
4:30 
p.m.– 
5:55 
p.m. 
Greene 
County 
September 26 October 8 October 8 October 10 October 17 
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Introductory Activities 
 The researcher met with each class to discuss the nature of the research.  This 
meeting was face-to-face with six of the seven participating sections.  The researcher met 
with the Sevier County section through interactive television.  The Informed Consent 
Form was distributed to each student and its contents were discussed.  See Appendix C 
for this Form.  The contents of the Form were discussed in detail.   
Included in the Informed Consent Form was a section entitled “Information About 
Participants’ Involvement in the Study”.  This section included a description of the 
activities participants would complete and the approximate amount of time required.  A 
sentence regarding the pre-test and post-test indicated that “Your instructor will 
determine whether these test scores will impact your grade in the course.”  All six 
instructors used post-test results in the determination of student grades.  All instructors 
notified their students of how post-test scores would be used in determining their course 
grades. 
The instructor of the two participating sections used the post-test results as extra 
credit.  That is, the post-test results could only improve a student’s grade. 
The remaining five instructors used post-test scores in a manner that could 
adversely or favorably impact student grades. All six instructors requested and received 
the number of correct answers each student attained on the post-test. 
Students who wished to participate signed and returned the Informed Consent 
Form.  Any student who wished not to participate received instruction from his/her 
regular instructor.  
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Administration of the Pre-Test and PMPS 
The researcher visited six participating sections on the dates listed in Table 3.4.  
The instructor of the class in Sevier County conducted the activities described below.  
The researcher briefed the instructor with the directions for administering both the pre-
test and the PMPS. 
The three-page pre-test was distributed to students.  The instructions at the top of 
the pre-test were read.  Students were told they had 40 minutes to complete the test.   
Following completion of the pre-test, the Perceptual Modality Preference Survey 
booklet was distributed.  This booklet included the cover page, a page with background 
information on the instrument, a page entitled “Introduction to Learning Styles and the 
PMPS”, and three pages with the 42 items of the Perceptual Modality Preference Survey.  
The one-page Perceptual Modality Preference Survey Response Sheet was also 
distributed. 
Students were asked to open their booklets to the page entitled “Introduction to 
Learning Styles and the PMPS”.  This page was read to students prior to the completion 
of the survey. 
Students were asked to identify themselves on both the pre-test and the PMPS by 
writing the last four digits of their Social Security Numbers on each. 
First and Second Computer Sessions 
Students completed the instructional World Wide Web pages during two 
consecutive class sessions.  Each session was limited to 55 minutes.   
For all the sections except the Sevier County section and a Greene County 
section, which their instructors led, the researcher escorted subjects to a computer lab 
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near their classroom.  Each subject was seated at a personal computer with an empty 
chair between subjects, whenever possible.  Subjects did not share computers. 
Subjects needed to log onto a computer network in order to be able to use the 
computer.  Each student had an account with an identification and password.  Written 
instructions for logging onto the computer network were placed next to each computer.  
See Appendix G for these instructions.  The researcher or student lab technician, if 
present, assisted subjects who experienced difficulties. 
Once all students were successfully logged onto their computers, instructions 
regarding accessing the browser and the address of the instructional World Wide Web 
site were displayed at the front of the room.  See Appendix H for these instructions. 
 In Morristown, the researcher stayed in rooms next door to the computer labs 
while students were reviewing the Web-based instruction.  These rooms were separated 
from the lab by windows.  This allowed the researcher to be available in case problems 
arose while not being physically in the same room with the students.  In Greene County, 
no such room was available.  The researcher stayed at an instructor’s computer separated 
from the subjects.  At no time did the researcher interact with subjects during the Web-
based instruction except when computer problems arose.  
Administration of the Post-Test and Survey   
 The researcher visited all sections, except the Sevier County section, to administer 
the post-test.   The instructor of the class in Sevier County administered the post-test and 
survey.  The researcher briefed the instructor on the administration of each instrument. 
A post-test was given to each student, the instructions at the top were read, and a 
40-minute time limit was announced.  See Appendix E for the post-test. 
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Following completion of the post-test, the survey entitled “What You Did to 
Learn” was distributed to students.   Students were asked to indicate the approximate 
amount of time spent on each of the listed learning activities, and to specify whether they 
received help from other people or used additional learning materials.  Students were also 
encouraged to write any comments they had about their experiences on this form.  See 
Appendix J for the survey, “What You Did to Learn”.  See Appendix N for the listing of 
student comments. 
While subjects were completing the survey, their results from the Perceptual 
Modality Preference Survey were distributed.  This feedback was in the form of a two-
page letter.  The author of the survey, Edward Cherry, provided sample feedback.  This 
was used as the basis of the letter.  See Appendix O for a sample of the two-page letter 
provided to subjects.  This concluded the subjects’ participation in the research activities. 
Defining Reasonable Effort 
  An underlying precondition in using student achievement as a measure of the 
effectiveness of instruction in this study was that students put forth reasonable effort to 
learn the material.  The level of effort was measured by the amounts of time students 
indicated they spent on various instructional activities.  These times were noted on the 
survey, “What You Did to Learn”.   
The researcher conducted an informal survey with five instructors of MATH 
1530.  This survey determined the amounts of time needed for three tasks:  1. the amount 
of class time needed for instruction of Section 3-6 (Counting);  2. the amount of time 
students should spend reading Section 3-6 in the textbook to have a reasonable 
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opportunity to learn the material; and 3. the amount of time students should spend doing 
homework to have a reasonable opportunity to learn the material. 
Class time used by these faculty to teach the content ranged from one to two 
hours.  The times faculty indicated students should spend reading the textbook ranged 
from one-half to one hour.  The times faculty indicated students should spend doing 
homework ranged from one to two hours. 
The criterion used for defining reasonable effort for this report was based on the 
minimum times given by faculty for these instructional activities.  Students were 
considered to have invested reasonable effort if the amount of time as indicated on the 
survey, “What You Did to Learn”, spent reading the Web-based materials, reading the 
textbook, doing other activities and/or doing homework totaled at least 2.5 hours. 
If students were able to demonstrate mastery of the material, then the amount of 
time invested in the learning activities was not important.  In this study, students 
demonstrated mastery when they answered three or four items correctly in each of the 
four problem categories of the post-test.  Students who achieved mastery were exempted 
from consideration of reasonable effort. 
The total time of 2.5 or more hours was based on the minimum times indicated by 
faculty.  A minimum of one-hour was indicated for classroom instruction.  A minimum of 
one-half hour was indicated for reading the textbook. The minimum time needed for 
instruction either in the classroom or from the textbook was 1.5 hours.   A minimum of 
one hour was indicated for doing homework. Time spent in “other activities” was 
included to reflect the fact that students may engage in various activities other than just 
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those listed on the survey to learn new concepts.  The minimum time needed for learning 
activities was thus set at 2.5 hours. 
 Since almost two-55 minute sessions of regular class time were set aside solely 
for the purpose of reading of the Web-based instructional materials, subjects could meet 
criterion for reasonable effort simply by attending and being productive at both class 
sessions and spending an additional 40 minutes outside of class.  The criterion for 
reasonable effort is not excessive for college students. 
Defining Substantial Achievement 
 The goal of this instruction was to empower students to be able to learn and 
master concepts.  Achievement percentage represented the fraction of previously 
unknown content that was learned as a result of the instructional activities.  The 
following calculations were performed to determine achievement percentage.  First, each 
subject’s pre-test score was subtracted from 48.  Since there were 48 possible points for 
all correct answers, this difference was a measure of the total possible achievement for 
that student.  Next, the subject’s actual achievement score was divided by their total 
possible achievement.  This quotient was expressed as a percentage. 
 For example, suppose a subject’s pre-test score was –8 and post-test score was 26.  
First, the pre-test score of –8 was subtracted from a perfect score of 48 to get 56.  Fifty-
six represented the total possible achievement.  The student’s actual achievement score, 
the post-test score minus post-test score, equaled 34.  Divide the actual achievement 
score of 34 by the possible achievement score of 56 to attain the achievement percentage 
of 60.71%.  
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The extent to which students achieved mastery was also determined.  The post-
test contained 16 items separated into four problem categories.  Each problem category 
consisted of four items.  Students demonstrated competence in a problem category by 
answering three or four of its items correctly.  Students demonstrated mastery by 
answering 3 or 4 items correctly in all four problem categories of the post-test. 
For purposes of this study, a subject was considered to have attained substantial 
achievement if (1) he/she achieved mastery by correctly answering 3 or 4 problems in all 
four problem categories; or (2) he/she achieved competence in three problem categories 
and had an achievement percentage greater than or equal to 80%.  Therefore, to meet the 
requirements of substantial achievement, subjects must have either mastered the content 
or have nearly mastered the content by achieving competence in three of the four problem 
categories.  If a subject achieved competence in three of the four problem areas, he/she 
had the additional requirement of having an achievement percentage of greater than or 
equal to 80%.   
There are many factors that may impact student achievement.  An individual’s 
background, characteristics, aptitudes, behaviors and attitudes may enhance or limit a 
student’s ability to achieve.  Arguably, learning 80% of the previously unknown content 
may not be considered substantial for students with strong aptitude and background in 
mathematics and statistics.  However, many students who take MATH 1530 are majoring 
in other academic fields.  Their aptitudes and backgrounds in mathematics are not likely 
to be as strong as those of students who major in mathematics or engineering.  Thus, for 
subjects with strong aptitudes or backgrounds in areas other than mathematics, achieving 
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competence in three of the four problem categories and attaining an achievement 
percentage greater than or equal to 80% represents substantial achievement. 
This requirement to have an achievement percent that is greater than or equal to 
80% serves a second purpose.  Subjects may have learned about the topic of “counting” 
prior to participating in this research.  These subjects could have been expected to answer 
many of the pre-test items correctly.  If the subject answered three or more pre-test items 
correctly in each of the four problem categories of the pre-test, he/she would not have 
been included in this study.  No subject in this study was excluded for this reason.  A 
subject whose pre-test scores indicated competence in three problem categories would 
have been included in this research.  These subjects could meet the requirement of 
competence in three problem categories without any additional learning.  The 
requirement that the achievement percentage must be greater than or equal to 80% 
necessitates that these subjects learn a considerable amount of the content that was 
previously unknown to them. 
Low Achievers 
 Of particular interest in this study were the characteristics of subjects who 
invested reasonable effort in learning and yet attained low levels of achievement.  
Subjects were included in the group of low achievers if they satisfied the criterion for 
reasonable effort and had achievement percentages that were in the lowest quartile of all 
reasonable effort subjects.  Students were considered to have invested reasonable effort if 
the amount of time as indicated on the survey, “What You Did to Learn”, spent reading 
the Web-based materials, reading the textbook, doing other activities and/or doing 
homework totaled at least 2.5 hours.  
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The Middle Group 
 These students whose scores fell between those of subjects who attained 
substantial achievement and subjects who were deemed low achievers were given little 
consideration because achievement levels of these subjects were generally low, the 
perceptual modality preferences of these subjects were diverse, and many of these 
subjects failed to invest reasonable effort in learning the content.  However, a few 
findings related to this large “middle” group of students are reported in Chapter IV where 
it seems appropriate.  In particular, findings pertaining to all subjects who met the 
criterion for reasonable effort are provided for Research Questions 1, 2a and 2c. 
Data Analyses 
 All data, including individual responses to all items on the pre-test and post-test, 
all item responses to the Perceptual Modality Preference Survey, and all items of the 
survey entitled What You Did to Learn were entered into the Microsoft Corporation 
spreadsheet application, Excel.  These spreadsheets were coded to score the pre-test, 
post-test, and Perceptual Modality Preference Survey.  All statistical calculations were 
performed using built-in functions in Excel. 
First Research Question 
 The first research question concerned the attained levels of achievement and 
mastery.   
Research Question 1.  How well did students learn the content in this topic 
area, when the mode of mathematics instruction was limited to text and graphics 
communication, offered through a combination of hypertext media, electronic mail 
interactions, and textbook?  
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The achievement score, equal to the post-test score minus the pre-test score, was 
calculated for each student.  If the post-test score was greater than the pre-test score, then 
the achievement score was greater than zero.  In this situation, students were considered 
to have achieved as a result of the instructional activities they undertook.  The 
distribution of achievement scores was developed for all 112 subjects, for the 75 subjects 
who met the criterion for reasonable effort, and for the 37 subjects who did not meet the 
criterion for reasonable effort.   
The second area of analysis focused on the achievement percentages.  The term 
“achievement percentage” represented the fraction of previously unknown content that 
was learned as a result of the instructional activities. 
The following calculations were performed to determine achievement percentage.  
First, each subject’s pre-test score was subtracted from 48.  Since there were 48 possible 
points for all correct answers, this difference was a measure of the total possible 
achievement for that student.  Next, the subject’s actual achievement score was divided 
by total possible achievement.  This quotient was expressed as a percentage. 
The achievement percentage was calculated for each student.  These achievement 
percentages were reviewed for the 75 students who were considered to have invested 
reasonable effort and for the 37 subjects who did not meet the criterion for reasonable 
effort. 
The third area of analysis focused on the extent to which students mastered the 
material.   The post-test contained four problems in each of four categories; Fundamental 
Principle of Counting Problems, Permutation Problems 1 (arrangements when not all 
items used), Permutation Problems 2 (arrangements when all items used and 
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arrangements when there are identical items), and Combination Problems.  A subject was 
considered competent in a problem category when he/she answered three or more of the 
category problems correctly on the post-test.  A subject was considered to have mastered 
the topic of counting if he/she achieved competence in all four problem categories.  The 
number of categories of competence was determined for each subject.  The frequency and 
relative frequency of all subjects for each number of categories of competence was 
calculated for subjects who were considered to have invested reasonable effort. 
The fourth analysis identified the number of subjects who attained substantial 
achievement.   
Second Research Question 
The second research question focused on determining whether or not there were 
relationships between student perceptual modality preferences and achievement.    
Research Question 2.  Are there patterns between the strength of preferences 
for the seven perceptual modalities and student achievement? 
 
Answering this second research question comprised answering questions 2a, 2b, 
and 2c below. 
Research Question 2a.  Is the achievement of students with strong preferences 
for either the print or visual modalities greater than the achievement of students 
without strong preferences for the print or visual modalities? 
 
Research Question 2b.  What are the learning modality preferences that are 
characteristic of high achievers and low achievers? 
 
Research Question 2c.  What is the achievement level of students with various 
modality preferences? 
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Research Question 2a 
 Subjects were considered to have a strong preference for a given perceptual 
modality when their score for that modality on the Perceptual Modality Preference 
Survey was +17 or greater.  The analysis for this second question focused on two groups.  
The first group consisted of those subjects who attained substantial achievement.  The 
second group consisted of those subjects who met the criterion for reasonable effort and 
had achievement percentages in the lowest quartile of all reasonable effort subjects. 
 The modality preferences of the subjects in each group were listed.  The number 
of subjects in each group with a strong preference for either the print or visual modalities 
was compared with the number of subjects with strong preferences for the other 
perceptual modalities.   
The next phase in this analysis dealt with those subjects who satisfied the criterion 
for reasonable effort.  The achievement percentages of these subjects with strong 
preference for either the print or visual modalities were compared with the achievement 
percentages of these subjects without strong preferences for either the print or visual 
modalities. 
Research Question 2b   
The perceptual modality preferences of two primary groups of subjects were 
examined.  The first group included those subjects who attained substantial achievement.  
The second group included those subjects who met the criterion for reasonable effort and 
whose achievement percentiles placed them in the lowest quartile of achievement of all 
reasonable effort subjects. 
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The strongly preferred perceptual modalities were listed for each subject in these 
groups.  These modalities were reviewed to determine if patterns existed between the 
strongly preferred perceptual modalities and achievement.  
Research Question 2c 
 Analysis for this research question focused on students who attained substantial 
achievement and those who were considered low achievers.  This analysis included 
separating achievement percentages for subjects in each group into categories based on 
modality preferences.  Eight categories were created.  One for each of the seven 
perceptual modalities and one category labeled “None”.   
The achievement percentages of subjects with a strong preference for the given 
modality were listed.  The achievement percentages of subjects with no strong 
preferences for any modality were listed in the “None” category.  Since a subject may 
have had strong preferences for more than one modality, an individual’s achievement 
percentage may have appeared in more than one category.  These data were reviewed to 
determine if patterns existed that may be indicative of a relationship between perceptual 
modality preferences and levels of achievement. 
 The next step in this analysis dealt with the data from the 75 subjects who 
satisfied the criterion for reasonable effort.  The achievement percentages of subjects 
with a strong preference for each modality were listed.  These percentages were analyzed 
to determine if patterns existed between achievement scores and strongly preferred 
modalities. 
CHAPTER IV 
 
FINDINGS 
 
Introduction 
This research focused on two main areas.   First was assessment of the overall 
effectiveness of instruction that was limited to text and graphics communication offered 
through a combination of hypertext media and textbook.  Second was identification of 
relationships between the strength of perceptual modality preferences and achievement.   
This chapter includes four sections.  The first section describes and compares 
subjects who met the criteria for “reasonable effort” and those who did not.  The next two 
sections review the data analyses relating to the two research questions.  The fourth 
section discusses feedback from the survey “What You Did to Learn”. 
The raw data are presented in Appendices K, L, and M.  Appendix K provides the 
data used for the first research question.  Appendix L provides the data used for the 
second research question.  Appendix M lists subject responses to the survey entitled 
“What You Did to Learn” and includes notation indicating whether or not a subject met 
the criteria for mastery as defined in Chapter I. 
Subjects Who Invested Reasonable Effort 
In designing the study, the investigator considered that achievement is usually 
related to some degree of reasonable effort on the part of a student.  Therefore, an attempt 
was made to assess reasonable effort and use that factor in analyzing results of the 
instruction.  The data used for the determination of reasonable effort can be found in 
Appendix M.   
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Data for each of the three data sets in Appendices K, L, and M were separated 
into two groups.  The first group includes data for those 75 subjects who satisfied the 
criteria for “reasonable effort”; the second group includes data for those 37 subjects who 
did not.  These 37 subjects are denoted as “Other Subjects” in the tables referenced in this 
Chapter. 
Table 4.1 in Appendix P displays the indicated time spent reading the Web-based 
materials.   Even though two fifty-five minute class periods (110 minutes) were devoted 
to reading this activity, 29 of the 37 subjects who did not meet the criteria for reasonable 
effort indicated less than 90 minutes of time.  Conversely, 58 Reasonable Effort subjects 
indicated they spent 2 or more hours reading the Web-based materials.  This finding 
indicates that they viewed these materials outside of the scheduled class periods. 
Table 4.2 in Appendix P shows the amount of time subjects indicated they spent 
reading the textbook.  The five mathematics faculty, who were interviewed to determine 
the criteria for reasonable effort, indicated that students should spend from one-half hour 
to one hour reading the textbook in addition to the regular instruction. Twenty-six Other 
Subjects and 11 Reasonable Effort subjects indicated they spent less than one-half hour 
reading the textbook.   
 Conversely, 42 subjects in the Reasonable Effort group indicated that they spent 
one or more hours reading the textbook.  Two Other Subjects (subjects who did not meet 
the criteria for reasonable effort) indicated they spent one or more hours. 
Table 4.3 in Appendix P displays the amount of time subjects indicated they spent 
doing homework problems.  The five mathematics faculty, who were interviewed to 
determine the criteria for reasonable effort, indicated a minimum time of one hour for  
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Table 4.4:  Average Activity Times for Subjects in Each Group 
Reasonable Effort Subjects and Other Subjects 
 
Activity/Group Subjects Who Met 
Criteria for 
Reasonable Effort 
Other Subjects 
Reading Web-Based 
Materials 2.45 hours 0.88 hours 
Reading Textbook 1.14 hours 0.23 hours 
Doing Homework 
Problems 1.32 hours 0.19 hours 
Average Total Effort 4.92 hours 1.29 hours 
 
 
 
doing homework.  No one in the Other Subjects group met this requirement. Fifty-one 
subjects who met the criteria for reasonable effort met this guideline.   
Table 4.4 above gives the average times for each activity for subjects in each 
group.  The average time spent reading the Web-based material by subjects in the 
Reasonable Effort group was more than twice that of the Other Subjects (subjects who 
did not meet the criteria for reasonable effort).  The average time spent reading the 
textbook material by subjects in the Reasonable Effort group was approximately five 
times that of the Other Subjects.  The average time spent doing the homework problems 
by subjects in the “Reasonable Effort” group was approximately seven times that of the 
Other Subjects.   
 
Research Question 1.  How well did students learn the content in this topic 
area, when the mode of mathematics instruction was limited to text and graphics 
communication, offered through a combination of hypertext media, electronic mail 
interactions, and textbook?  
 
This question served to ascertain the effectiveness of instruction limited to text 
and graphics communication offered through hypertext media and the textbook.  
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Effective instruction should have afforded students the opportunity to achieve and master 
the material. 
Test Results 
 
Data used for this research question are in Appendix K.  Each subject completed a 
pre-test and post-test.  Achievement score equaled the post-test score minus the pre-test 
score.  Table 4.5 shows the means and standard deviations of pre-test, post-test, and 
achievement scores.  
The means of the pre-test scores for the subjects in the Reasonable Effort and 
Other Subjects (subjects who did not meet the criterion for reasonable effort) groups were 
approximately equal.  The average post-test score for subjects who met the criterion for 
reasonable effort was 18.33, and 13.14 for Other Subjects.  The average achievement 
score for subjects who met the criterion for reasonable effort was 19.46 and 12.11 for the    
 
Table 4.5:  Means and Standard Deviations of Pre-Test, Post-Test, and Achievement 
Scores 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
 
  
Pre-Test Post-Test Achievement 
Mean -0.42 16.62 17.04 All Subjects 
(112 
Subjects)  
Standard 
Deviation 
13.48 15.81 16.84 
Mean -1.13 18.33 19.46 Subjects 
Who Met 
Criteria for 
Reasonable 
Effort 
(75 Subjects)   
Standard 
Deviation 
14.06 15.26 16.95 
Mean 1.03 13.14 12.11 Other 
Subjects 
(37 Subjects) 
Standard 
Deviation 
12.27 16.54 15.71 
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Other Subjects.   
Table 4.6 in Appendix P gives a distribution of the achievement scores for All 
Subjects, those subjects who met the criteria for reasonable effort, and Other Subjects 
(subjects who did not meet the criteria for reasonable effort).  The achievement score for 
each subject was calculated as the post-test score minus the pre-test score.   
Twelve subjects had achievement scores of 40 or more points.  Ten of these 
subjects met the criteria for reasonable effort and two did not. 
Conversely, 25.33% of the subjects who met the criteria for reasonable effort had 
achievement scores of nine or fewer points.  This compares with 43.24% of the subjects 
who did not meet the criteria for reasonable effort. 
Table 4.7 in Appendix P gives the achievement percentages for All Subjects, 
those subjects who met the criteria for reasonable effort, and Other Subjects (subjects 
who did not meet the criteria for reasonable effort).  For purposes of this research, 
achievement percentage reflected the portion of previously unknown material that the 
subject learned as a result of the instructional activities.  
The following calculations were performed to determine achievement percentage.  
First, each subject’s pre-test score was subtracted from 48.  Since there were 48 possible 
points for all correct answers, this difference was a measure of the total possible 
achievement for that student.  Next, the subject’s actual achievement score was divided 
by his/her total possible achievement.  This quotient was expressed as a percentage. 
Optimally, subjects would have learned all previously unknown concepts.  The 
achievement percentages would thus be 100% for each subject.   However, characteristics 
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such as mathematics aptitude and background may limit student achievement.  The 
effects of these characteristics were not measured in this study.  
Note that a total of 15 subjects had achievement percentages of less than zero.  
Seven of these subjects met the criteria for reasonable effort while 8 did not.  Ten 
subjects had achievement percentages from 0% to 9.99%.  Four of these met the criteria 
for reasonable effort while 6 did not. 
Eight subjects had achievement percentages from 80% to 89.99%.  Six of these 
subjects met the criteria for reasonable effort and two did not.   
Another area of consideration was the extent to which subjects mastered the 
content.  The sixteen items on the post-test included four items in each of four categories.  
These categories were Fundamental Principle of Counting Problems, Permutation 
Problems I (arrangements when not all items used), Permutation Problems II 
(arrangements when all items used and arrangements when there are identical items), and 
Combination Problems.   
Subjects were considered to have demonstrated competence in a category of 
counting problem when they had answered at least three of the four problems correctly.  
Subjects were considered to have mastered these concepts if they had achieved 
competence in all four categories of problems.  The number of categories of problems of 
competence was determined for each subject.   
Table 4.8 in Appendix P shows the distribution of the number of subjects by the 
number of categories of competence achieved.  A total of 35 subjects failed to achieve 
competence in any problem category.  Twenty-one of these subjects met the criteria for 
reasonable effort while 14 did not.   
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A total of 14 subjects achieved competence in three problem categories.  Eight of 
these had met the criteria for reasonable effort and 6 had not.  Four subjects achieved 
mastery, i.e. competence in all four problems categories.  
Subject Groupings for Analysis Purposes 
To analyze the results of instruction (achievement), the investigator created two 
groups:  substantial achievers and low achievers.  As defined in Chapter I, a subject was 
considered to have attained substantial achievement if (1) he/she achieved mastery by 
attaining competence in all four problem categories; or (2) he/she achieved competence 
in three problem categories and had an achievement percentage greater than or equal to 
80%.   
A low achiever was defined as a student who exhibited reasonable effort, but 
whose achievement percentage placed him/her in the bottom quartile of students who put 
forth reasonable effort.   A student was deemed to have invested reasonable effort 
reasonable effort in learning if the amount of time as indicated on the survey, What You 
Did to Learn, spent reading the Web-based materials, reading the textbook, doing other 
activities, and/or doing homework totaled 2.5 or more hours.  Figure 4.1 on page 98 lists 
the criteria used to define subjects who were classified as substantial achievers, middle 
group and low achievers. 
Only 9 subjects could be classified as substantial achievers.  Four of these nine 
subjects demonstrated mastery by attaining competence in all four problem categories.  
Five of these nine subjects attained competence in three problem categories and had an 
achievement percentage of 80% or more across categories. Three of these five subjects  
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Substantial Achievers (9 Subjects) 
 
Mastered the content (achieved competence in all four problem categories)  
or 
Achieved competence in three problem categories and had achievement percentage 
of 80% or more. 
 
 
Middle Group (84 Subjects) 
 
Did not attain substantial achievement and were not deemed low achievers. 
 
 
Low Achievers (19 Subjects) 
 
Satisfied criterion for reasonable effort yet had achievement percentage in the lowest 
quartile of all subjects who invested reasonable effort. 
 
 
Figure 4.1:  Criteria for Substantial Achievers, Middle Group and Low 
Achievers 
 
were considered to have invested reasonable effort in learning.  Table 4.9 on page 99 lists 
the test scores, achievement scores and percentages, and PMPS modality scores for each 
of the nine subjects who attained substantial achievement.  
The low achiever group (bottom quartile of those who invested reasonable effort) 
consisted of 19 students.  The achievement percentages of these subjects ranged from -
106.67% to +20.00%.  Table 4.10 on page 100 lists the test scores, achievement scores 
and percentages, and PMPS modality scores for each of the nineteen subjects who were 
classified as “low achievers”. 
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Table 4.9:  Test/Achievement Scores, Number of Categories of Competence, and PMPS Modality Scores of  
Subjects Who Met Criteria for Substantial Achievement 
 
 Test and Achievement Scores PMPS Modality Scores (+17 or higher indicated strong 
preference) 
Subject 
 
Pre-
Test 
Score 
Post-
Test 
Score 
Achieve-
ment 
Score 
Achieve-
ment 
Percentage
Number of 
Categories 
of 
Competence Print Aural
Inter-
active Visual Haptic
Kines-
thetic 
Olfac-
tory 
28      -6 42 48 88.89% 3 20 29 -6 3 -11 -25 -20
103             -12 36 48 80.00% 3 14 -8 12 2 8 11 -23
7            -22 36 58 82.86% 3 0 7 0 14 22 -10 -24
23           -8 39 47 83.93% 3 -21 -14 14 -1 8 20 -7 
89             -8 38 46 82.14% 3 21 17 7 3 -8 -7 -33
65             0 42 42 87.50% 4 -14 3 8 6 2 14 -7
17           22 44 22 84.62% 4 -15 -3 10 15 3 23 -33 
3             -2 36 38 76.00% 4 8 14 16 -10 2 -8 -16
32             6 40 34 80.95% 4 4 10 9 12 -4 6 -25
 
 
 
 
 
 
 
 
 
 
 99
Table 4.10:  Test/Achievement Scores and PMPS Modality Scores of 
Reasonable Effort Subjects in the Lowest Quartile of Achievement Percentages 
 
 Test and Achievement Scores PMPS Modality Scores (+17 or higher indicated strong 
preference) 
Subject  Pre-
Test 
Score 
Post-
Test 
Score 
Achievement 
Score 
Achievement 
Percentage 
Print Aural Inter-
active 
Visual Haptic Kines-
thetic 
Olfac-
tory 
48          18 -14 -32 -106.67% 9 13 -5 12 4 -16 -20
39           8 -10 -18 -45.00% -9 20 10 -3 3 14 -23
13            20 12 -8 -28.57% -16 -2 6 26 17 15 -11
58        -11 -18 -7 -11.86% -23 -3 -21 22 9 32 -8 
74         6 2 -4 -9.52% -11 -4 21 -12 15 27 -33 
66           10 8 -2 -5.26% -13 0 0 12 11 13 17 
49           -12 -14 -2 -3.33% 25 1 -6 15 3 -5 -34
14         0 0 0 0.00% -5 -10 20 17 0 22 -9 
37            0 0 0 0.00% -10 1 12 -4 0 15 -22
20            14 16 2 5.88% -7 -2 12 -5 6 14 -10
12            18 20 2 6.67% 12 -2 8 -10 12 8 -18
19            -12 -6 6 10.00% 13 12 5 -4 -12 6 -24
70            -10 -2 8 13.79% 12 -2 0 16 8 0 -15
8         -10 0 10 17.24% -13 11 6 9 10 28 -36 
27            26 30 4 18.18% 15 -7 2 -10 4 12 -21
51          -26 -12 14 18.92% -10 -15 1 13 4 29 -19 
56            18 24 6 20.00% 10 29 18 -6 -10 0 -33
67         8 16 8 20.00% -5 17 13 17 -15 7 -32
73           18 24 6 20.00% 33 -2 9 15 -11 -19 -29
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The remainder of the students, the middle group, attained achievement 
percentages ranging from –76.92% to 79.31%.  They did not demonstrate substantial 
achievement, and they have been excluded from further discussion.  Within this large 
group of 84 students, only 49 demonstrated reasonable effort.  
Research Question 2.  Are there patterns between the strength of preferences 
for the seven perceptual modalities and student achievement? 
 
Data from the Perceptual Modality Preference Survey (PMPS) provided 
information regarding the strength of individual perceptual modality preferences.  A 
score of 17 or more indicated a strong preference for that modality.  Data analysis to 
answer this research question in part focused on determining if patterns existed between 
student achievement scores and subjects’ strong perceptual modality preferences.  The 
existence of patterns may indicate a relationship between achievement and perceptual 
modality preferences. The data for this second research question can be found in 
Appendix L. 
Table 4.11 in Appendix P gives the distribution of strongly preferred perceptual 
modalities for all subjects, for those subjects who satisfied the criteria for reasonable 
effort, and for Other Subjects (subjects who did not meet the criteria for reasonable 
effort).   Subjects were counted in every modality in which their PMPS score was 17 or 
more. 
Primary analysis focused on two groups of subjects.  The first group consisted of 
those subjects who attained high levels of achievement.  The term “substantial 
achievement” as defined in Chapter I and described further in this Chapter IV was used to 
describe these subjects.  There were nine subjects in this group, as previously noted.  
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Four of these subjects achieved mastery while the other five attained competency in three 
problem categories and had an achievement percentage of 80% or more across categories 
(substantial achievement).   
The second group consisted of those subjects who, despite investing reasonable 
effort in learning the content, had low levels of achievement.  This group of “low 
achievers” consisted of 19 subjects with the lowest achievement percentages who met the 
requirements for reasonable effort.  These 19 subjects represented those in the lowest 
quartile of achievement percentages for all subjects who met the criteria for reasonable 
effort.  
Analysis to answer this second research question focused on answering questions 
2a, 2b, and 2c that were as follows: 
Research Question 2a.  Is the achievement of students with strong preferences 
for either the print or visual modalities greater than the achievement of students 
without strong preferences for the print or visual modalities? 
 
Research Question 2b.  What are the learning modality preferences that are 
characteristic of high achievers and low achievers? 
 
Research Question 2c.  What is the achievement level of students with various 
modality preferences? 
 
Research Question 2a 
A basic premise of this research was that this type of instruction (limited to text 
and graphics communication) may be more suited to students with strong preferences in 
either the print or visual modalities.  The first part of this analysis determined if the 
achievement of students with strong preferences for either the print or visual modalities 
was greater than that of the other students.   
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Examining the nine subjects who attained substantial achievement, Table 4.9 on 
page 99 lists their test scores, achievement scores and percentages, and PMPS modality 
scores. Only five of these nine subjects indicated a strong preference for any perceptual 
modality.  Only two of these five indicated a strong preference for print modality while 
none indicated a strong preference for the visual modality.   
Examining the 19 subjects who were categorized as low achievers, Table 4.10 on 
page 100 lists their test scores, achievement scores and percentages, and PMPS modality 
scores.  A total of 12 of these subjects indicated a strong preference for any perceptual 
modality.  Six of these 12 subjects indicated a strong preference for either the print or 
visual modalities.  Two indicated a strong preference for the print modality and four had 
a strong preference for the visual modality.    
The data from Tables 4.9 and 4.10 do not indicate that subjects with strong 
preferences for either the print or visual modalities had higher levels of achievement than 
subjects without strong preferences for these perceptual modalities. 
Subjects Who Met Criteria for Reasonable Effort 
Table 4.12 in Appendix P shows the number of subjects with strong preference 
for either the print or visual modalities for All Subjects, Reasonable Effort, and Other 
Subjects (subjects who did not meet the criterion for reasonable effort).  A subject was 
included in each modality in which their score on the PMPS was +17 or greater.  Twenty-
four of the 112 subjects had scores of 17 or greater in either the print or visual modalities 
of the PMPS.   
Table 4.13 in Appendix P shows the average pre-test, post-test and achievement 
scores for those with a strong preference for either the print or visual modalities 
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compared to those who didn’t for All Subjects, and those subjects who met the criteria for 
reasonable effort.  Table 4.13 shows the average achievement score for all subjects who 
met the criteria for reasonable effort with a strong preference for either the print or visual 
modalities was 15.35 versus 20.67 for all subjects without a strong preference for these 
two modalities.   The average achievement percentages were 30.70% and 42.29% 
respectively.  
Research Question 2b 
 Research Question 2b.  What are the learning modality preferences that are 
characteristic of high achievers and low achievers? 
 
Analysis included examining two groups of subjects.  The first group included 
those nine subjects who attained substantial achievement.  The second group included 19 
subjects who were deemed low achievers. 
Subjects Who Met the Criteria for Substantial Achievement 
Table 4.9 on page 99 provides the pre-test, post-test, achievement score, 
achievement percentage, number of problems sections of competence, and each modality 
score from the PMPS for each of the nine subjects who attained substantial achievement.  
The strongly preferred perceptual modalities for these nine subjects were as follows: 
• Four subjects had no strong preferences for any perceptual modality; 
• Two subjects had strong preferences for both the print and aural 
modalities; 
• One subject had a strong preference for the haptic modality; 
• Two subjects had a strong preference for the kinesthetic modality; 
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These results do not indicate any patterns that clearly demonstrate a relationship 
between a strong preference for a given perceptual modality and substantial achievement 
for these subjects.  Of particular note is the finding that there were no subjects with a 
strong preference for the visual modality who attained substantial achievement.  
Additionally, there were no subjects with a strong preference for either the interactive or 
olfactory modalities who attained substantial achievement. 
Subjects Who Met Criteria for Reasonable Effort Yet Had Low Achievement 
Table 4.10 on page 100 provides the pre-test, post-test, achievement score, 
achievement percentage, and each modality score from the PMPS for each of the nineteen 
subjects who met the criteria for reasonable effort and yet had achievement percentages 
that placed them in the lowest quartile of achievement.  Twelve subjects in this group 
indicated a strong preference for at least one perceptual modality.  This lowest quartile 
included subjects who had strong preferences for each of the seven perceptual modalities.  
Seven of these subjects indicated no strong preferences for any perceptual modality.  
Patterns Among Perceptual Modality Preferences for Substantial Achievers and Low 
Achievers 
 
 No subject who attained substantial achievement indicated a strong preference for 
the visual modality.  Conversely, four low achievers indicated a strong preference for the 
visual modality.  Otherwise, the data from Tables 4.9 (substantial achievers) and Table 
4.10 (low achievers) displayed no patterns that indicated a strong relationship between 
modality preference and level of achievement. 
Research Question 2c 
Research Question 2c.  What is the achievement level of students with various 
modality preferences? 
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Analysis for research question 2c focused on those subjects who attained 
substantial achievement and those who were categorized as low achievers.  The 
achievement percentages of students in each group were separated based on their strongly 
preferred perceptual modalities.  These groups were analyzed to determine whether or not 
patterns existed that demonstrated a relationship between strongly preferred perceptual 
modalities and student achievement.   
Substantial Achievers 
 Table 4.14 below shows the achievement percentages grouped by strongly 
preferred modality for each subject of the nine subjects who attained substantial effort.  A 
subject’s achievement percentage is shown for each modality in which their PMPS score 
was 17 or greater.  Five substantial achievers indicated a strong preference for one or 
more modalities.   
Two subjects indicated strong preferences for both the print and aural modalities.  
Their achievement percentages were 82% and 89%.  A subject who indicated a strong 
preference for the haptic modality had an achievement percentage of 83%.  Two subjects 
indicated a strong preference for the kinesthetic modality.  Their achievement 
percentages were 84% and 85%.  There were no subjects who attained substantial 
achievement with strong preferences for the interactive, visual, or olfactory modalities.  
Of the nine subjects who attained substantial achievement, four had no strong preferences 
for any perceptual modality. 
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Table 4.14: Distribution of Achievement Percentages by Modality Preference  
Substantial Achievers Only 
 
Modality 
Individual 
Achievement 
Percentages 
(Rounded to 
Nearest Whole 
Percent) 
Print (2) 82%, 89% 
Aural (2) 82%, 89% 
Interactive 
(0) 
 
Visual (0)  
Haptic (1) 83%  
Kinesthetic 
(2) 
84%, 85% 
Olfactory 
(0) 
 
None (4) 
76%, 80%, 81%, 
88% 
 
 
Low Achievers 
 Table 4.15 below shows the achievement percentages grouped by strongly 
preferred modality for each of the 19 subjects who despite having invested reasonable 
effort in learning had achievement percentages that were in the lowest quartile of all 
reasonable effort subjects.  A subject’s achievement percentage is shown for each 
modality in which their PMPS score was 17 or greater.  Twelve low achievers indicated a 
strong preference for one or more modalities. 
 The data in Table 4.15 yields the following observations: 
• Each perceptual modality category has at least one student with a negative 
achievement percentage; 
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Table 4.15: Distribution of Achievement Percentages by Modality Preference  
Low Achievers Only 
 
Modality 
Individual 
Achievement 
Percentages 
(Rounded to 
Nearest Whole 
Percent) 
Print (2) -3%, 20% 
Aural (3) -45%, 20%, 20% 
Interactive 
(3) 
-10%, 0%, 20% 
Visual (4) 
-29%, -12%, 0%, 
20% 
Haptic (1) -29%  
Kinesthetic 
(5) 
-12%, -10%, 0%, 
17%, 19% 
Olfactory 
(1) 
-5% 
None (7) 
-107%, 0%, 6%, 
7%, 10%, 14%, 
18%  
 
 
 
• Five perceptual modality categories have students with achievement percentages 
between 18% and 20%; 
• Seven students indicated no strong preferences for any perceptual modality. 
Patterns Among Achievement Percentages for Substantial Achievers and Low Achievers 
 
 The data from Tables 4.14 and 4.15 showed no patterns that indicated a strong 
relationship between the achievement percentages of substantial achieving subjects and 
low achieving subjects and their strong preferred perceptual modalities.  
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Subjects Who Met the Criteria for Reasonable Effort 
This analysis includes all 75 subjects who met the criteria for reasonable effort.  
Table 4.16 in Appendix P shows the achievement percentages of 75 subjects who 
indicated a strong preference for the given perceptual modality, and the average 
achievement score and percentage for each modality preference.   Each subject’s 
achievement percentage was listed in each modality in which his/her PMPS score was 
+17 or more.  The highest average achievement percentage was for subjects with a strong 
preference for the aural modality was 47.12%.   
All seven perceptual modality categories had at least one achievement percentage that 
was less than zero.  Four perceptual modality categories had achievement percentages of 
80% or more.  The highest achievement percentage for subjects with a strong preference 
for the visual modality was 54%.   
Other than the relatively low achievement of subjects with a strong preference for the 
visual modality, the data did not show any patterns that would indicated a strong 
relationship between a strong preference for a perceptual modality and achievement, 
regardless of achievement level. 
Other Results from the Student Survey 
 The survey, What You Did to Learn, asked students questions regarding the 
amount of time spent in various instructional activities as well as questions regarding 
whether they received help from other people or used other resources.  This section 
includes a discussion of the results of certain of these items.  Survey data can be found in 
Appendix P. 
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Use of Electronic Mail to Ask Questions of their Instructor 
 Only 6 of the 112 subjects indicated time spent emailing questions to their 
instructor.  The achievement scores for these students were 2, 18, 34, 36, 46, and 58.  The 
achievement percentages for these students were 5.88%, 34.62%, 80.95%, 51.42%, 
67.64%, and 82.86%.  Additional characteristics of these six subjects are as follows.  
• Two of these six subjects had a singular preference for the haptic modality, and 
the remaining 4 had no strong preferences for any modality. 
• Three of these six subjects indicated they received help from other people. 
• One indicated he/she used other resources. 
• All six subjects met the criteria for reasonable effort.  The average amount of 
indicated time spent reading the Web-based materials was 3.04 hours, .75 hours 
reading the text, and 1.33 hours doing homework. 
Other Activities Not Listed 
 Four items of the survey, What You Did to Learn, asked subjects to approximate 
the amount of time spent in various learning activities.  The first three items concerned 
time spent Reading the Web-Based Material, Reading the Textbook, and Doing 
Homework Problems.  The fourth item was Other Activities Not Listed Above.  Subjects 
who indicated a time spent in Other Activities were asked to describe these activities. 
Four students indicated time spent in Other Activities. 
 One subject indicated spending one-hour taking notes from the computer material.  
Another spent one-half hour reviewing all problems and steps used to get answers.  A 
third spent 1.5 hours reviewing old practice problems and test material.   
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The fourth individual indicated one-hour spent in Other Activities but provided no 
description.  This individual had also indicated time spent emailing the instructor and 
working with a friend for 5 minutes.  
Three of the four students met the criteria for reasonable effort.  Their 
achievement scores were 16, 18, 19, and 58.  The corresponding achievement percentages 
were 52.00%, 52.94%, 31.67%, and 82.86%.  
One subject had a strong preference for the interactive modality, another for the 
haptic modality, and another for the aural modality.  One subject had no strong 
preferences for any perceptual modality.  
Got Help from Someone 
 The survey, What You Did to Learn, included items asking subjects to indicate if 
they had received assistance with these lessons from other people.  If they answered 
“yes”, subjects were then asked to indicate the relation of that person to them (family, 
friend, teacher, student in this class, tutor, or other), the approximate amount of time they 
worked with the other person, and the lesson topics discussed.  
Fifteen subjects indicated that they received help from other people.  Eleven of 
the 15 subjects indicated that they had talked to a friend, two indicated that they had 
spoken to someone in class, and two indicated that they had gone to the Math Lab (where 
students get tutoring).   Four subjects indicted they spent 5 or fewer minutes with a 
person, five indicated between 10 and 20 minutes, and six indicated they spent 30 
minutes.  The topics they discussed were varied, and the descriptions were general. 
Twelve of these subjects met the criteria for reasonable effort and three did not.  
The achievement percentages of these subjects ranged from 5.88% to 80.95%.  The 
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average achievement percentage for this group was 49.31%.  Two of these subjects 
attained substantial achievement, and two were in the low achievers group. 
The distribution of perceptual modality preferences did not show any clear 
patterns.  One subject had a strong preference for the print modality, two for the aural 
modality, four for the interactive modality, three for the visual modality, three for the 
haptic modality, three for the kinesthetic modality, none for the olfactory modality, and 
four had no strong preferences for any perceptual modality. 
Student Comments 
Students were invited to write any comments they wished about their experiences 
in this study.  Those comments are listed in Appendix N.  Note that only three comments 
were favorable regarding this instructional experience.  The central theme from many of 
these comments was that students preferred learning in a classroom with direct access to 
their instructor or other people. 
 
 
  
 
 
CHAPTER V 
CONCLUSIONS, IMPLICATIONS, RECOMMENDATIONS 
 
Introduction  
There is little research that relates computer-mediated communication methods of 
varying levels of richness to student achievement.  This study addressed some of these 
issues and needs. 
This research focused on instruction limited to text and graphics communication, 
offered through a combination of hypertext media and textbook, to community college 
students.  The purposes of the research were twofold: 
• assess the overall effectiveness of instruction that is limited to text and graphics 
communication; and 
• determine the patterns, if any, between the strength of individual modality 
preferences and achievement. 
Conclusions 
Research Question 1.  How well did students learn the content in this topic 
area, when the mode of mathematics instruction was limited to text and graphics 
communication, offered through a combination of hypertext media, electronic mail 
interactions, and textbook?  
 
 Conclusion:  While students demonstrated some achievement as a result of 
instruction, achievement levels of most students were low. 
 
Achievement percentage represented the portion of previously unknown content 
that was learned as a result of the instructional activities.  If the subject learned all the 
previously unknown content, his/her achievement percentage would be 100%.   
 113
 The achievement percentages of all 75 subjects who satisfied the criterion for 
reasonable effort were also reviewed.  The achievement percentages for this group ranged 
from –106.67% to 88.89%.  The average achievement percentage was 39.61%.  Only 6 of 
these subjects had an achievement percentage greater than 80%.  Sixty-three percent of 
these subjects had achievement percentages of less than 50%.  
 Substantial achievement was defined to describe levels of achievement and 
mastery that constituted high achievement.  Only 9 nine subjects met the criteria for 
substantial achievement. 
Conclusion:  Few subjects mastered the concepts and skills taught. 
 
Subjects were considered competent in a problem category if they answered at 
least three of the four post-test items correctly.  Only four subjects attained competence 
in all four categories, and a total of 14 attained competence in three categories.   
 Twelve of the 75 subjects who met the criterion for reasonable effort achieved 
competence in at least 3 of the 4 categories.  However, twenty-one of these 75 subjects 
did not achieve competence in any problem category, and 22 achieved competence in 
only one category. 
Research Question Two:  Are there patterns between the strength of preferences 
for the seven perceptual modalities and student achievement? 
 
 Conclusions from the findings for this second research question are based on the 
conclusions for research questions 2a, 2b, and 2c below. 
Research Question 2a.  Is the achievement of students with strong preferences 
for either the print or visual modalities greater than the achievement of students 
without strong preferences for the print or visual modalities? 
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Conclusion:  The achievement of students with strong preferences for either the 
print or visual modalities was not greater than the achievement of students without 
strong preferences for the print or visual modalities. 
 
 Only two of the nine subjects who attained substantial achievement had strong 
preferences for the print modality.  None of these 9 subjects had a strong preference for 
the visual modality. 
 Of the nineteen subjects who were deemed low achievers, twelve indicated a 
strong preference for one or more perceptual modalities.  Six of them indicated a strong 
preference for either the print or visual modalities. 
Examination of data from the 75 subjects who satisfied the criterion for 
reasonable effort showed that the average achievement percentages of subjects with 
strong preferences for either the print or visual modalities were less than these averages 
for subjects without strong preferences for these modalities.  The average achievement 
percentages were 30.70% for subjects with strong preferences for either the print or 
visual modalities, and 42.29% for subjects without strong preferences for the print or 
visual modalities. 
It appears that preference for the visual learning modality may be an impediment 
to learning when instruction is limited to text and graphics communication, offered 
through a combination of hypertext media and textbook   None of the subjects who 
attained substantial achievement had a strong preference for the visual modality.  
Conversely, four subjects who had a strong preference for the visual modality were 
among those deemed low achievers. 
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Research Question 2b.  What are the learning modality preferences that are 
characteristic of high achievers and low achievers? 
 
Conclusion:  The learning modality preferences of both high achievers and low 
achievers were varied.  There were no clearly identifiable patterns of relationship 
between subjects’ achievement scores and their perceptual modality preferences. 
 
Table 4.9 on page 99 showed the data for the nine subjects who attained 
substantial achievement.  Two of these subjects had strong preferences for the print 
modality, two had strong preferences for the aural modality, and two had strong 
preferences for the kinesthetic modality.  One had a strong preference for the haptic 
modality.  Therefore, there were no patterns that demonstrated a relationship between 
substantial achievement and perceptual modality preference. 
Table 4.10 on page 100 showed the distribution of strongly preferred modalities 
for subjects who met the criterion for reasonable effort yet had achievement percentages 
in the lowest quartile of achievement for all reasonable effort subjects.  There was a least 
one subject in this lowest quartile with a strong preference for each of the seven 
perceptual modalities.  This distribution did not exhibit any patterns that would indicate a 
relationship between low achievement and a subject’s perceptual modality preferences 
Research Question 2c.  What is the achievement level of students with various 
modality preferences? 
 
Conclusion:  There were no clearly identifiable patterns of relationship between 
subjects’ perceptual modality preferences and their achievement scores 
 
Analysis for research question 2c focused on those subjects who attained 
substantial achievement and those who were categorized as low achievers.  The 
achievement percentages of students in each group were separated based on their strongly 
preferred perceptual modalities.  This data displayed no patterns that indicated a strong 
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relationship between strongly preferred perceptual modalities and achievement 
percentage for these two groups. 
The data from all 75 subjects who met the criterion for reasonable effort were also 
examined to determine if patterns between perceptual modality preferences and 
achievement percentages existed.  There was at least one negative achievement 
percentage in each of the seven perceptual modality categories.  Conversely, there was at 
least one subject with an achievement percentage of 80% or more with a strong 
preference for the print, aural, haptic or kinesthetic modalities.  
Given the wide range of achievement scores for each perceptual modality group, 
there were no patterns that indicated a strong relationship between achievement 
percentage and perceptual modality preference for any of the students who met the 
criterion for reasonable effort. 
It appears that preference for the visual learning modality may be an impediment 
to learning when instruction is limited to text and graphics communication, offered 
through a combination of hypertext media and textbook.  Except for the olfactory 
modality category that included only one student, subjects with strong preferences for the 
visual modality who invested reasonable effort had the lowest average achievement 
percentage, compared with subjects who had strong preferences for other perceptual 
modalities.  The average achievement percentage for subjects with a strong preference for 
the visual modality was 21.55%.  This average was 16% points less than the next lowest 
average achievement percentage. 
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The highest individual achievement percentage for subjects with a strong 
preference for the visual modality was 54%.  Every other perceptual modality group, 
except olfactory, had at least one individual achievement percentage of 79% or more.   
Other Conclusions 
 Conclusion:  The results of this study support the assertion of Daft and Lengel 
(1986) regarding the connection between “media richness” and the ability to convey 
information that leads to a change in understanding. 
 
 Communication media used for instruction were limited to text and graphics.  
Daft and Lengel (1986) ranked printed communication as very low in richness due to 
slow feedback, limited visual clues, no auditory clues, and limited capability to use 
natural language.   Applying the principles of media richness, communication that is 
limited to text and graphics would be less likely to convey successfully information that 
leads to a change in understanding.  The low levels of achievement and mastery attained 
by subjects who had invested reasonable effort in learning, as reported in the findings for 
Research Question 1, lead to the conclusion that communication limited to print and 
graphics was inadequate to convey content of the instruction.  
  Conclusion:  The results of this study do not support the assertion that students 
learn better when able to use the perceptual modalities of their choice. 
 
Research by Kalin and McAvoy (1973) found that students had higher learning 
rates when allowed to use the sensory channels of their choice.  Dunn and Carbo (1981) 
cited research supporting this assertion.  Most students in this study did not demonstrate 
high achievement, regardless of their modality preferences, and there were no apparent 
relationships between any specific learning modality and high or low achievement. 
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Implications 
Implications from Achievement Results 
 Only 4 of the 112 subjects achieved mastery in all four-problem categories.  Only 
nine subjects attained substantial achievement. 
One reason for these low rates of achievement and mastery may be that many 
subjects invested little time in the necessary instructional activities.  Analyses were 
performed based on data from only those subjects who met the criterion for reasonable 
effort.  Almost two-thirds of these subjects had achievement percentages of less than fifty 
percent.    Since the majority of those subjects who met the criterion for reasonable effort 
had low achievement percentages and failed to master the content, the culpability cannot 
be laid to lack of effort.  Therefore, we must consider that a) the instructional delivery 
system in this study did not afford these students the opportunity to learn the material, 
or b) that the measure used to assess learning was not adequate, or c) that the content 
of the instruction was not sufficient. 
Instructional Delivery System 
In this study, the researcher using a computer served as a communication source.  
The message, the instructional content, was transmitted by words and graphics over the 
World Wide Web, the communication channel.  The author of the textbook, a second 
communication source, transmitted his message using words and graphics by way of the 
printed page. Students decoded the messages by viewing the Web pages and textbook, 
reading the words and completing the activities.  
The model of media richness presented by Daft and Lengel (1984), Daft and 
Lengel (1986), and Trevino, Lengel & Daft (1987) indicated that communication limited 
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to text and graphics was less able than other media, such as face-to-face, to convey 
information that would change understanding.  One reason was the lack of availability of 
instant feedback. 
A mechanism was available for subjects to provide feedback to their instructors.  
Links were provided within the instruction to enable students to send electronic mail 
messages.  However, only 6 subjects indicated that they spent time in this activity. 
Fifteen subjects chose an alternative route to utilize feedback.  These students 
sought direct help from friends, other students, or tutors.  Presumably, text and graphics 
based communication was inadequate for these subjects.   
Berlo (1960) and Schramm (1954) stated that feedback serves two important roles 
in the communication process.  First, feedback provides information to the source 
regarding the extent to which the message was received and interpreted accurately.  This 
information allows the source to send further messages, i.e. feedback to the feedback, that 
clarify the meaning.  Seiler, Baudhuin and Schuelke (1982) cited research that found that 
the accuracy of the reception of information increased as the amount of feedback 
increased. (p. 145) 
Second, feedback enables message recipients to exert some control over the 
communication process.  Participants might ask questions, interject comments or similar 
actions as means of accomplishing their own ends. 
Ninety-four subjects did not indicate time spent emailing their instructor, nor did 
they indicate that they received help directly from other people.  When these subjects 
completed the Web-based instruction and read the textbook, the communication process 
ended.   
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One possible reason for the sparse usage of electronic mail is that students may 
not have understood how to send and receive messages.  Many students may have been 
unfamiliar with how to use the course management system, WebCT, to send and receive 
email.  The Web-based instruction provided step-by-step instructions.  However, findings 
of this study indicated that instructional delivery system was inadequate in affording 
students to learn the content.  This delivery system may have also been inadequate in 
affording students the opportunity to learn how to send and receive email using WebCT. 
After the study was completed, the researcher asked a subject what he thought of 
the experience.  He said that he didn’t like the Internet format.  “If I’m reading something 
and I have a question, I need an answer right away.”   The communication processes used 
in this research did not afford immediate feedback.  
A second factor in determining the richness of a particular medium is the extent to 
which multiple clues can be used.  A reason for the low rating of media richness for text 
and graphics communication is the inability to utilize multiple clues.  Studies by 
Mehrabian (1971 and1972), Mehrabian and Ferris (1967), and Ekman and Friesen (1975) 
provided evidence of the significance of nonverbal signals on understanding, 
persuasiveness, and perceptions of warmth.  Text and graphics messages cannot take 
advantage of the communication and attitudinal benefits afforded by nonverbal signals. 
 Research subjects were invited to write any comments they had about their 
experiences participating in this study.  These comments can be found in Appendix N.  A 
sample of several subject comments is listed below. 
 
 “I personally did not like it being web based.  I learn better working with others.” 
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“I like one-on-one instructor time or class time.  It’s more personable and 
easier for me to learn” 
 
 “It was hard for me to learn w/out an instructor.” 
 
“I know more about the counting section before we started.  However, I 
still do not really understand the whole concept of it.  As my PMPS test 
showed, I am more of a visual learner and get the concept better if the 
teacher is actually up in front of the room explaining the concept.  Hope 
all goes well with your research.” 
 
“The lesson was well organized, it would be a good teacher but I do better 
with an actual teacher teaching.” 
 
“You did a wonderful job setting up the lessons on the computer, but I feel 
I could have done better w/ a teacher.  Thanks for the opportunity.”  
 
“I had time learning this on the internet.  I need more interaction from 
people.”  
 
“As for me, I do not think internet classes are good for me.  I need 
someone to teach me and show me examples step by step.” 
 
 
All of these commentators gave negative evaluations to their experiences with 
instruction via the Internet.  Each of these students said they learned better through direct 
contact with people.  They needed face-to-face instruction.  Certain advantages of face-
to-face communication over text and graphics have been discussed through the construct 
“media richness”. 
Measures that Assessed Learning 
 The instruments of assessment, the pre-test and post-test, consisted of sixteen 
multiple-choice items.  These items included four items in each of four categories.   One 
of these four problem categories contained two types of problems.  Subjects were 
considered competent in a problem category if they answered at least three of the four 
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problems correctly on the post-test.   In effect, the post-test consisted of four short four-
item tests.  
Each test item included four choices, one correct answer and three distracters.  
Distracters were based upon procedural and conceptual errors that indicated 
misunderstandings of the content.  Test items were scored in a manner that reflected the 
seriousness of the error when a distracter was chosen.  The only direct feedback received 
from students on either the pre-test or post-test was a series of circled item responses. 
 Some test items were taken from the textbook’s test bank, and other items were 
written by the researcher.  The test was reviewed by three Walters State Community 
College mathematics faculty to ensure that test items were aligned with instruction, and 
written in a manner to be understood by the students. 
 Both the pre-test and post-test were administered during regular class time.   
Certain classes lasted 55 minutes.  In order to minimize the disruption research activities 
caused to these classes, it was decided to set a time limit of 40 minutes for completion of 
each test.  Based on this researcher’s prior experience, the amount of time students 
needed to complete a counting problem was estimated to be 2 to 2.5 minutes.  Using a 
conservative estimate of 2.5 minutes, then sixteen items that could be completed in 40 
minutes. 
 There are four skills that are pertinent to success in counting problems.  These 
included the ability to analyze a wide array of situations properly, select the appropriate 
formula, input the correct amounts into the formula, and use the calculator accurately to 
arrive at the correct answer.   A strong argument could be made that more than four items 
are necessary to determine competence for this set of skills in a particular problem 
 123
category.  Additionally, there is a 5% probability of answering correctly 3 or 4 problems 
in a given problem category by simple random guessing.  Optimally, more test items 
would have been included if not for the time constraints. 
A scoring system was developed in which points were awarded based on the 
relative accuracy of the response.  Selection of the correct answer scored 3 points.  
Selection of the distracter that reflected the least serious error of the three distracters 
scored 1 point.  Selection of the distracter that reflected the next more serious error 
scored –1 points.  Selection of the distracter that reflected the most serious error scored –
3 points. 
This researcher and three mathematics faculty independently ranked the 
distracters in each of the sixteen test items for the seriousness of the error.  Table 3.3 on 
page 70 shows the rankings for each distracter.  Note that in fourteen of the sixteen items, 
at least three of the four faculty agreed on the distracter that reflected the least serious 
error (i.e. ranked 1 in Table 3.3).  In fourteen of the sixteen items, at least three of the 
four faculty agreed on the distracter that reflected the most serious error (i.e. ranked 3 in 
Table 3.3). 
A test-retest study was conducted to measure the stability of this instrument over 
time.  Participants in this study consisted of students enrolled in two sections of a pre-
calculus course entitled Finite Mathematics.  Students were asked to indicate whether or 
not they had learned anything previously regarding the statistical topic of counting.  
Presumably, students with no prior exposure to counting would have been apt to respond 
randomly to test items.  Thus, responses to an item on the test and the same item on the 
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retest may not be highly correlated.  Those with prior instruction in the topic of counting 
would presumably be more consistent in their responses to the same item. 
For the 23 students who had been taught counting, the correlation between the test 
and retest scores was .5190.  For the 22 students who had never been taught counting 
previously, the correlation of test scores to retest scores was .5201.  A t-test indicated that 
each of these scores were significantly different from zero. 
However, a correlation of .5 might be considered to indicate a low level of test 
stability.  The following points need to be made regarding the test-retest study.  The 
participating students had no vested interest in performing their best.  Their course grade 
was not impacted by their participation.  Basically, these students completed these tests 
as a favor to the researcher.  Second, none of these students were enrolled at that time in a 
course on probability and statistics.  So the 23 students who had received prior instruction 
in the topic of counting may not have received that instruction recently.  Third, this 
researcher is unaware of the extent of instruction in counting received by these 23 
students.  Thus, certain of these students may have had significant instruction while 
others may have just received a cursory introduction to the topic.  These factors may have 
contributed to the test-retest correlation not being greater than .5.  
 In order to further assess the quality of test items, the responses to each of the 
sixteen post-test items was tabulated for the 75 subjects who met the criterion for 
reasonable effort.  Table 5.1 below shows the number of students who selected each 
possible response for each of the sixteen post-test items.  The point value of each 
response is shown in parentheses.  The correct response, worth 3 points, is shown in bold. 
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Table 5.1:  Distribution of Responses to Post-Test Items 
Reasonable Effort Subjects 
 
 Number of Subjects (Item Score for Given Response)  
Test Item blank A  B  C  D  
Item 1 5 (0) 21 (-1) 23 (-3) 16 (3) 10 (1) 
Item 2 2 (0) 22 (1) 11 (-1) 35 (3) 5 (-3) 
Item 3 0 (0) 2 (-3) 10 (-1) 33 (1) 30 (3) 
Item 4 0 (0) 24 (1) 4 (-3) 10 (-1) 37 (3) 
Item 5 2 (0) 36 (3) 15 (-1) 21 (1) 1 (-3) 
Item 6 1 (0) 10 (-1) 4 (-3) 25 (1) 35 (3) 
Item 7 0 (0) 24 (-1) 33 (3) 9 (-3) 9 (1) 
Item 8 1 (0) 6 (-3) 31 (-1) 5 (1) 32 (3) 
Item 9 0 (0) 1 (-1) 51 (3) 15 (-3) 8 (1) 
Item 10 0 (0) 28 (3) 25 (1) 5 (-1) 17 (-3) 
Item 11 2 (0) 20 (-1) 7 (-3) 34 (3) 12 (1) 
Item 12 1 (0) 14 (-1) 4 (-3) 53 (3) 3 (1) 
Item 13 2 (0) 25 (1) 30 (3) 12 (-1) 6 (-3) 
Item 14 2 (0) 51 (3) 10 (-3) 9 (-1) 3 (1) 
Item 15 1 (0) 4 (1) 54 (3) 15 (-3) 1 (-1) 
Item 16 2 (0) 9 (-1) 7 (-3) 21 (1) 36 (3) 
 
    
Item 1 had the fewest number of correct responses, 16.  Item 1 read, “How many 
7-digit telephone numbers are possible if the first digit cannot be 0 or 1?”.  Twenty-one 
students selected response A: 604,800 that scored –1 points, twenty-three students 
selected response B: 3,628,800 that scored –3 points, and only 16 students selected the 
correct response.  This may be indicative of problems with the instruction or problems 
with the item.  Item 1 was included in the problem category “Fundamental Principle of 
Counting Problems”. 
 More subjects selected a distracter in item 3 than selected the correct response.  
Item 3 was included in the problem category Permutation Problems 1 (arrangements 
when not all items used).  For items 8 and 10, almost as many students chose a distracter 
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as chose the correct response.   Item 8 was included in the problem category Permutation 
Problems 2 (arrangements when all items used and arrangements when there are identical 
items).  Item 10 was included in the category Combination Problems. 
 At least fifty of the 75 reasonable effort subjects answered correctly items 9, 12, 
14 and 15.  These items are included in three of the four problem areas.  
Perhaps, a performance assessment may have provided a more accurate measure 
of student knowledge of the skills and procedures.  Many college-level mathematics test 
items are “fill in the blank” in which students are expected to show all relevant 
procedures and calculations.   The work shown by students serves as a message that 
communicates the extent of their understanding.    
However, student responses on performance assessments can vary greatly.  A 
scoring rubric that accurately reflects the variety of possible student responses is 
necessary.  Scorers may need to make several judgments regarding specific student work.  
This could make consistent administration of a rubric problematic.    
Content of the Instruction 
 Pages on the World Wide Web, developed by the researcher, and the textbook 
were the sources of instruction.  This researcher, an Associate Professor of Mathematics, 
has taught at Walters State Community College since 1992.  He has taught MATH 1530, 
Probability and Statistics, several times throughout this ten-year period.  
 The content of the Web-based instruction was purposefully aligned with the skills 
and concepts taught in the textbook for the topic of counting and its application in 
determining probability.  The Web-based instruction was made available prior to the 
study to the six faculty who allowed their students to participate.  
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 There may have been more effective strategies than those used in this Web-based 
instruction.  However, the lack of research regarding effective Internet teaching strategies 
hinders the development of this instruction.   
Implications from Perceptual Modality Assessments 
 
 Subjects with strong preferences for the visual modality achieved at lower levels 
than subjects with strong preferences for the remaining perceptual modalities except 
olfactory.  No other patterns were found that demonstrated a relationship between a 
strong preference for a given modality and achievement.    
These findings were unexpected.  Communication in this study was limited to text 
and graphics messages.  Presumably, subjects with strong preferences for the print or 
visual modalities would appear to be advantaged, but that assumption did not prove to be 
true. 
The Perceptual Modality Preference Survey (Cherry, 1981) was used to determine 
perceptual modalities that subjects strongly preferred.  Harvey conducted validity and 
reliability research on this instrument and found that, “the PMPS does determine a 
person’s perceptual modality preference.”  (Harvey, 2002, p. 28). 
However, Barbe and Milone (1981) argued that the modalities people prefer may 
not necessarily be their strongest.  Cherry (1981) found only low to slight correlations 
between the modality preferences of his subjects and their actual strongest modalities.  
Conversely, Kalin and McAvoy (1973) and Dunn and Carbo (1981) found increased 
achievement when students were allowed to use the sensory channels of their choice.  
Replication of this study using in mode assessments of modality strengths instead of 
preferences may be helpful in addressing this uncertainty. 
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Implications from the Student Survey 
 
In this study, levels of student achievement and mastery were used to evaluate the 
effectiveness of the instruction.   There are several factors beside instruction that can 
impact levels of student achievement.  One of these factors is the level of effort students 
invest in learning the material.  If students choose to invest insufficient effort in learning, 
then the cause for their low achievement cannot necessarily be ascribed to instructional 
ineffectiveness. 
The survey “What You Did to Learn” asked subjects to note the approximate 
times spent on various instructional activities.  These activities included Reading the 
Web-based Material, Reading the Textbook, Emailing Questions to Your Instructor, and 
Other Activities.  Times noted for these activities were used to indicate the level of effort 
students put forth to learn. 
Interviews with five faculty who taught MATH 1530 provided ranges for the 
amount of time students should be spending in these activities in order to have a 
reasonable opportunity to learn the content.  The criterion for what constituted 
“reasonable effort” was based on minimal time requirements suggested by those five 
faculty.  For purposes of this study, a subject was considered to have invested reasonable 
effort in learning if the amount of time as indicated on the survey, “What You Did to 
Learn”, spent either reading the Web-based materials, reading the textbook, doing other 
activities, or doing homework totaled 2.5 or more hours.  Students who demonstrated 
mastery by achieving competence in all four problem categories were exempted from 
consideration of reasonable effort. 
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 Two fifty-five minute class periods were devoted solely to subject review of the 
Web-based instruction.  Even if subjects hadn’t mastered the material, they could have 
met the criterion for reasonable effort simply by attending and being productive at both 
class sessions and spending less than one-hour on other learning activities outside of 
class.  These are minimal expectations for college students.  Yet, only 75 of the 112 
research subjects met this requirement.  
 The five faculty suggested a minimum of one-hour be spent doing the homework 
to have a reasonable opportunity to learn the concepts.  Table 4.3 in Appendix P shows 
that 61 students spent less than one-hour on homework.  All thirty-seven subjects who 
did not invest reasonable effort in learning spent less than one-hour doing homework.  
The direct impact of time spent doing homework on student achievement is unknown.  
Since post-test items were similar to homework problems, doing the homework would 
presumably have had a positive impact on post-test scores. 
Students seemingly should have been as motivated to achieve in this research 
activity as they were when in their regular classroom setting.  Five of the six participating 
faculty used post-test scores to favorably or adversely impact student grades.  The 
remaining faculty member used post-test scores in a way that could only favorably 
impact grades. 
 The fact that 37 subjects did not meet the modest criterion for reasonable effort 
raises questions, the answers to which may prove useful for Internet as well as classroom 
instructors.  Does the level of student effort vary depending on whether instruction is 
face-to-face or over the Internet?  Does the level of student effort depend on the nature of 
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the subject matter when instruction is over the Internet?  What attitudes are most 
associated with high levels of effort when instruction is over the Internet?  
Other Factors 
 In this study, levels of achievement were used to evaluate the effectiveness of 
instruction limited to text and graphics communication.  However, there may have been 
other factors that impacted the results. 
 Many of the volunteering students had no prior experience in Internet instruction.  
When visiting each class for the first time, the research asked for a show of hands of 
students who had previously taken Internet courses.  Very few students responded 
affirmatively.  Therefore, Internet instruction was a new experience for most of these 
students.  Consequently, they may not have been aware of effective study strategies.  This 
may have been especially relevant in this study since students were largely self-directed 
in their learning activities. 
 The level of effort invested in learning was measured by the times students 
estimated they spent on various instructional activities.  However, knowing the amount of 
time students spent on a certain activity does not necessarily provide a complete picture 
into the level of effort students put forth.  Optimally, observations of student behavior 
would have afforded more useful information regarding effort. 
 Students viewed the instructional World Wide Web pages during regularly 
scheduled class times not exceeding 55 minutes.  However, it is unknown whether 55 
minutes is too long a time period to expect students to maintain their focus on reading 
text and graphics material in statistics.  Possibly, shorter time increments may have 
improved retention of the concepts and skills being taught. 
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 One of the limitations of this study as listed on page 16 is that “The impact of 
student differences such as mathematics background, attitudes toward learning 
mathematics, and the like that may have influenced learning were not measured.”  
Although all students had to meet certain course prerequisites to enroll in Probability and 
Statistics, there still may have been differences in mathematics background.   Student 
attitudes toward mathematics were not measured in this study. 
Summary 
The results of this study led to two additional important implications.  First, the 
assertions of “media richness” may be relevant to instruction via the World Wide Web.  
Faculty of Internet mathematics courses need to know the communication resources that 
are needed in specific situations to enable student achievement.  However, there may 
have been several other factors that impacted student achievement.  Further research is 
needed to examine the relationship between the usage of rich communication media and 
student achievement in Internet courses. 
Second, the data indicated that there was not a strong relationship between 
perceptual modality preference and achievement.  The relatively low achievement levels 
of subjects with strong preferences for the visual modality seems contrary to 
expectations.  Hopefully, future research will further clarify the relation of perceptual 
modalities and student achievement in Internet courses. 
Recommendations 
 
More research needs to be done to discern when and for whom specific 
communication media should be used in educational applications.  To further this aim, it 
is recommended that: 
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1. This study be replicated involving students enrolled in Internet mathematics 
courses. 
 
Walters State Community College offers the course MATH 1530 in regular 
classroom settings as well as over the Internet.  None of the subjects in this 
study were enrolled in the Internet section of this course.  Would the 
achievement of students who chose to receive their instruction over the 
Internet been greater than that of subjects in this research?  Replication of this 
study at Walters State Community College in the MATH 1530 course and in 
other Internet mathematics courses at other colleges and universities is 
recommended. 
 
2. At least two types of experimental or quasi-experimental studies be 
conducted: 
 
• This study be replicated by comparing the achievement of students 
receiving instruction limited to text and graphics (control group) to the 
achievement of students receiving similar instruction but with the addition 
of audio and video files (treatment group). 
 
Students would be randomly assigned to each group.  Students in each 
group would complete the pre-test, receive instruction in two 55-minute 
class periods, and complete the post-test.  The instruction by text and 
graphics would be the same for each group.  The only difference would be 
that the treatment group would have audio and video files that would 
enable students to see and hear the instructor.  The inclusion of audio and 
video files would increase the “richness” of the communication media 
used for instruction.  If the richness of communication media impacted 
instructional effectiveness, then resulting levels of achievement and 
mastery would be expected to be greater for those having access to audio 
and visual communication. 
 
 
• This study be replicated by comparing the achievement of students 
receiving instruction limited to text and graphics (control group) to the 
achievement of students receiving face-to-face instruction in the classroom 
(treatment group). 
 
Students would be randomly assigned to each group.  Students in each 
group would complete the pre-test, receive instruction in two 55-minute 
class periods, and complete the post-test.  The control group would receive 
instruction on the topic of counting limited to text and graphics 
communication.  The treatment group would receive instruction on the 
topic of counting through face-to-face communication in the classroom.  
Face-to-face is the richest communication medium while text and graphics 
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is comparably low in richness.  Comparison of achievement levels could 
provide evidence to the impact of media richness on instructional 
effectiveness.  Seldom is a topic, such as counting, singled out for 
instruction and testing.  This research could also provide insight into the 
effectiveness of face-to-face instruction on this specific topic.  
 
3. This study be replicated with instruction in less complex content areas of 
mathematics. 
 
The statistics topic “counting” is difficult for many students to understand.  
Instruction in a content area in which students are expected to carry out tasks 
that are lower in complexity and ambiguity may not require “rich” 
communication media.  
 
4. This study be replicated in courses other than mathematics. 
 
Communication in mathematics involves the use of symbols.  Thus, 
communication in mathematics and related fields differs from communication 
in other fields such as literature.  Would instruction limited to text and 
graphics have been sufficient in a course such as literature in which 
communication is predominantly text-based?   
 
5. Case studies of this form of instruction with individual students be conducted. 
 
Little research has been done describing the experiences of students in 
Internet courses.  The research of Hara and Kling (2001) highlighted specific 
difficulties faced by students.  Faculty of Internet courses have far less contact 
with their students as compared with face-to-face classes.  Case studies would 
provide faculty feedback regarding the needs of their students. 
 
6. A study be conducted in which measurement of actual modality strengths 
rather than modality preferences is used. 
 
As discussed in this Chapter V, it is not clear that individuals will always 
prefer their strongest perceptual modalities.  Are there patterns of high or low 
achievement when an actual measure of perceptual modalities is used?  This 
question could be answered by substituting the Multi-Modal Paired Associates 
Learning Test (Gilley, 1975) or some other in-mode measure of perceptual 
styles.  The Multi-Modal Paired Associates Learning Test “identifies the 
relative strengths of each of the seven elements of perceptual style in the 
testee ...” (Cherry, 1981). 
 
7. A study of the effects of the inclusion of audio and video files on student test 
scores in computer-based assessment be conducted. 
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Much of computer-based assessment is communication that is limited to text 
and graphics messages.  Will student achievement increase if subjects can 
have access to audio or video files for the communication of test items? 
 
8. A study be conducted of the effects of the usage of “chat rooms” in Internet 
instruction on student achievement. 
 
Chat rooms are Web-based applications that allow participants to send text 
messages that can be read and responded to immediately.  Chat rooms allow 
for instant feedback, one of the three components of rich media. 
 
There is a paucity of empirical evidence that relates specific strategies and 
resources to effective instruction over the Internet.  Hara and Kling (2001) state: 
 Clearly, we need more student-centered studies of distance education that 
are designed to teach us how the appropriate use of technology and 
pedagogy could make distance education more beneficial for more 
students. In addition, we need ways to translate the best of such research 
into the practitioner literature.  
 
This study serves to help meet this need. 
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WALTERS STATE COMMUNITY COLLEGE 
 
COURSE SYLLABUS 
 
COURSE:  Probability and Statistics - MATH 1530 
 
SEMESTER:  Fall, 2002 
 
INSTRUCTOR:   
                
 
REQUIRED TEXTBOOK:  Essentials of  Statistics, by Mario F. Triola 
     
 A TI-83 graphing calculator is required for this course. 
Discuss with instructor if you own another graphing calculator. 
 
CATALOG DESCRIPTION: 
 
 Introduction to probability and statistics without calculus including descriptive 
statistics, probability distributions, the normal distribution, testing hypotheses, the t-test, 
and estimates and sample sizes.  The student should check transfer institution catalogs to 
decide between MATH 1530 and MATH 2050 Probability and Statistical Applications.  
(Prerequisite:  Two years of high school algebra and one year of geometry in high school 
or completion of developmental mathematics.) 
                                                  3 
Semester Credit Hours  
 
COMPETENCIES: 
 
The student will develop and demonstrate: 
 
1. Organize and summarize data using frequency distributions, histograms, and 
descriptions of central tendency and variation. 
2. Compute a population mean, variance and standard deviation given a discrete 
probability distribution. 
3. Compute probabilities including the use of the addition rule, multiplication rule, 
conditional probabilities, and counting techniques. 
4. Compute probabilities for binomial and normal distributions. 
5. Understand the Central Limit Theorem and sampling distributions of the mean.  
Compute probabilities associated with sample means. 
6. Make inferences about population means from sample data using confidence 
intervals. 
7. Analyze data using linear regressions and correlation. 
8. Test claims about population means using hypothesis testing. 
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9. Use computer programs and/or a graphing calculator to perform statistical 
analysis. 
COURSE CONTENT: 
 
1.      Chapter 1 - Introduction to Statistics 
        1-2     The Nature of Data 
        1-3     Uses and Abuses of Statistics 
        1-4     Design of Experiments 
 
 
2.      Chapter 2 – Describing, Exploring, and Comparing Data 
        2-2     Summarizing Data with Frequency Tables 
        2-3     Pictures of Data 
        2-4     Measures of Center 
        2-5     Measures of Variation 
        2-6     Measures of Position 
2-7 Exploratory Data Analysis 
 
3.      Chapter 3 - Probability 
        3-2     Fundamentals 
        3-3     Addition Rule 
        3-4     Multiplication Rule:  Basics 
        3-5     Multiplication Rule:  Complements and Conditional Probability 
        3-6     Counting 
 
4.      Chapter 4 - Probability Distributions 
        4-2     Random Variables 
        4-3     Binomial Probability Distributions 
        4-4     Mean, Variance, and Standard Deviation for the Binomial Distribution 
 
5.      Chapter 5 - Normal Probability Distributions 
        5-2     The Standard Normal Distributions 
5-3 Nonstandard Normal Distributions:  Finding Probabilities 
5-4 Nonstandard Normal Distributions:  Finding Values 
5-5 The Central Limit Theorem 
5-6 Normal Distribution as Approximation to Binomial Distribution (Optional) 
 
6.      Chapter 6 - Estimates and Sample Sizes 
        6-2     Estimating a Population Mean:  Large Samples 
6-3 Estimating a Population Mean:  Small Samples 
6-4 Determining Sample Size Required to Estimate ? (Optional) 
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7.      Chapter 7 - Hypothesis Testing 
        7-2     Fundamentals of Hypothesis Testing 
        7-3     Testing a Claim about a Mean:  Large Samples 
        7-4     Testing a Claim about a Mean:  Small Samples 
 
 
8.      Chapter 9 - Correlation and Regression 
        9-2     Correlation 
        9-3     Regression 
 
 
ATTENDANCE POLICY: 
 
Regular attendance is vital to success in the course.  It is unlikely that a student who is absent 
frequently will do well on quizzes or tests. 
 
If school is canceled due to bad weather on a day scheduled for a test, the test will be postponed 
until the next class. 
 
 
ATTENDANCE AND CLASSROOM CONDUCT: 
 
Your instructor counts absences from the first scheduled meeting of the class and reports 
absences for financial aid and on the final grade report.  Good attendance is vital to 
success in this course.  It is your responsibility to inform your instructor in advance of a 
planned absence and to make arrangements for make up work.  
 
The college prohibits plagiarism, cheating, and other forms of academic dishonesty.  If 
any student behaves in a disruptive manner, the instructor can order the student to leave 
the classroom for a period of time. 
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Letter Sent to Mathematics Faculty Describing the Research 
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Overview of Activities For Dissertation Research Project 
John LaPrise 
Fall Semester, 2002 
MATH 1530 
 
 
I will be gathering data for my dissertation research project during the Fall Semester of 
2002.  Participants in this research will be students enrolled in MATH 1530 who 
volunteer.  The purpose of this document is to describe the research project and 
corresponding activities.  You will be asked to indicate whether you are willing to allow 
your section(s) to be included in this research.  Two sections will be randomly selected 
from the sections of faculty who agree to participate. 
 
Completion of these activities is contingent upon receiving approval from the University 
of Tennessee’s Institutional Review Board - Review for Research Involving Human 
Subjects and Walters State Community College. 
 
 
Description of Research 
 
This research pertains to instruction limited to text and graphics communication, offered 
through a combination of World Wide Web sites and the textbook.  The material in this 
research is Section 3-6 (Counting).  Students will receive instruction via web sites I 
created (http://www.wscc.cc.tn.us/math/jlaprise/math1530/counting/intro.asp ), reading 
the text, emailing their instructor questions and receiving email responses, and doing the 
homework.  Students who choose to participate in this research would receive this 
instruction in lieu of the regular classroom activities the instructor would conduct.  
Students who choose not to participate would receive instruction through regular 
classroom activities either from their instructor or from me. 
The purpose of this research is twofold:  
• assess the overall effectiveness of this instruction; and  
• determine the extent of the relationship, if any, between the strength of individual 
modality preferences and achievement.  
 
 
Description of Activities 
 
First Class Visit  - I will visit your class and discuss this research, the activities to be 
conducted, and the Informed Consent Form which includes the rights of research 
subjects.  I anticipate 15 – 20 minutes for this. 
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Second Class Visit – I will visit your class and collect the signed Informed Consent 
Forms.  I will administer the Perceptual Modality Preference Survey (42 items designed 
to elicit student’s preferred learning activities.) and a timed pre-test.  I anticipate 35 – 45 
minutes. 
 
Completion of the Lesson Materials – Students will meet in a computer lab to access the 
instructional Internet sites.  I piloted these materials with my Business Statistics class 
during the Spring Semester.  All students were able to complete the materials within two- 
55 minute class periods.  If your class is a Tuesday/Thursday class that runs 90 minutes, I 
would recommend splitting the time going through the web material in a convenient 
manner.  I do not believe that students will learn as much going through all of the Internet 
materials in one sitting. 
 
Last Class Visit – Students will complete the post-test (30 minute time limit).  Students 
will complete a brief questionnaire in which they approximate the amount of time spent 
on specific learning activities (5 – 10 minutes), and receive feedback regarding the 
Perceptual Modality Preference Survey. 
 
 
 
Faculty are free to use the post-test results for grading purposes for their students.  The 
test includes 16 multiple-choice items (one correct choice and three distracters – no 
“none of the above” or “all of the above” options).   
 
Please feel free to review the instructional materials 
(http://www.wscc.cc.tn.us/math/jlaprise/math1530/counting/intro.asp ).  I would 
appreciate any comments or suggestions you may have. 
 
Please let me know whether or not you consent to have your MATH 1530 sections be 
eligible for selection for this study.  Please contact me with any questions. 
 
Thank you for your assistance. 
John LaPrise 
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INFORMED CONSENT STATEMENT 
 
“Patterns Among Computer-Mediated Instruction, Student Learning Styles and 
Student Achievement” 
 
You are invited to participate in a research study.  You must be 18 years of age or older 
to participate.  The purpose of the study is to assess the overall effectiveness of 
instruction limited to text and graphics communication, offered through a combination of 
World Wide Web sites and textbook, and investigate the relationship of student 
achievement and perceptual modality preferences. 
 
INFORMATION ABOUT PARTICIPANTS’ INVOLVEMENT IN THE STUDY 
 
The following procedures will be followed in the study: 
 
Students will complete a pre-test and post-test to measure achievement and retention of 
concepts taught during the study.  These tests will be timed tests that will take no more 
than one class period.  Your instructor will determine whether these test scores will 
impact your grade in the course. 
 
Students will complete the Perceptual Modality Preference Survey that is designed to 
give you information regarding your preferences in the manners of receiving information.  
This Survey will require approximately 15 minutes to complete. 
 
Students will receive instruction regarding the concepts of Section 3-6 (Counting) by 
reviewing the material and completing the activities contained on World Wide Web sites.  
Students will complete this instruction during two regular class periods not exceeding 60 
minutes at any session.   
 
Students will complete a survey regarding the amount of time spent in various learning 
activities.  This survey will require approximately 5 minutes to complete. 
 
The length of the study will be approximately two weeks. 
 
If you feel that you cannot participate in this study, you may see your instructor about 
receiving your instruction from your instructor or this researcher regarding Section 3 – 6 
(Counting). 
 
RISKS 
 
There are no foreseeable risks in any of the procedures to be used in the study. 
 
 
 
______ Participant’s Initials 
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BENEFITS 
 
Students will complete the Perceptual Modality Preference Survey the feedback from 
which may give insight into the most preferred ways for receiving information.  Students 
will also gain experience into Internet instruction and may better determine whether 
online courses are suitable for them.  Investigating the relation between individual 
perceptual modality preferences and achievement in Internet instruction can provide 
important information that will help educators and students.  Findings from this research 
may help faculty of Internet courses improve class materials.  This information may also 
help faculty better discern the needs of individual students in their courses. 
 
CONFIDENTIALITY 
 
Your instructor and the researcher will keep the information in the study records 
confidential.  Data will be stored securely and will be made available only to persons 
conducting the study unless participants specifically give permission in writing to do 
otherwise.  No reference will be made in oral or written reports which could link 
participants to the study.  Data will be stored for three years following completion of the 
study. 
 
CONTACT INFORMATION 
 
If you have questions at any time about the study or the procedures, (or you experience 
adverse effects as a result of participating in this study,) you may contact John LaPrise, at 
MBSS 239, and (423) 585-6879.  If you have questions about your rights as a participant, 
contact the Compliance Section of the Office of Research at (865) 974-3466. 
 
PARTICIPATION 
 
Your participation in this study is voluntary; you may withdraw from the study at 
anytime without penalty and without loss of benefits to which you are otherwise entitled.  
If you withdraw from the study before data is completed, your data will be returned to 
you or destroyed. 
 
CONSENT 
 
I have read the above information.  I have received a copy of this form.  I agree to 
participate in this study. 
 
 
Participant’s Signature __________________________________  Date _____________ 
 
 
 
Investigator’s Signature _________________________________  Date _____________ 
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Pre-Test 
 
Please Write the Last 4 digits of Social Security Number  _________ 
 
For each question, select the correct answer by completely circling your choice.  You 
may use your calculator for all problems. 
 
1.  There are 8 members on a board of directors.  If they must form a subcommittee of 6 
members, how many different subcommittees are possible? 
 
A) 720   B) 262,144  C) 20,160  D) 28 
 
 
 
2.  A musician plans to perform 9 selections.  In how many ways can she organize the 
musical selections? 
 
A) 3, 628,800  B) 362,880  C) 81   D) 45 
 
 
 
3.  How many ways can 5 people be chosen and arranged in a straight line if there are 9 
people to choose from? 
 
A) 15,120  B) 45   C) 120   D) 362,880 
 
 
 
4.  How many ways can an IRS auditor select 5 of 12 tax returns for an audit? 
 
A) 95,040  B) 792   C) 120   D) 248,832 
 
 
 
5.  In a closet, there are 6 pairs of pants, 10 shirts, and 4 pairs of shoes.  If everything 
matches, how many possible outfits are there consisting of a pair of pants, a shirt, and a 
pair of shoes? 
 
A) 1,140  B) 64   C) 240   D) 20 
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6.  Many Tennessee license plates contain three letters followed by three digits (0 through 
9 each).  Digits and letters can be used more than once.  Assuming that all digits and all 
26 letters are available, what is the number of different license plates that can be made? 
 
A) 308,915,776 B) 312,000  C) 17,576,000  D) 11,232,000 
 
 
 
7.  The organizer of a television show must select 5 people to participate in the show. The 
participants will be selected from a list of 29 people who have applied for appearance on 
the show. If the participants are selected randomly from the applicants, what is the 
probability that the 5 youngest people will be selected? Assume that all people are 
different ages. 
 
A) 
1
118, 755
  B) 
1
14, 250 , 600
 C) 
1
120
  D) 
5
29
 
 
 
 
8.  A pollster wants to minimize the effect the order of the questions has on a person's 
response to a survey. How many different surveys are required to cover all possible 
arrangements if there are 10 questions on the survey? 
 
A) 55   B) 3,628,800  C) 100   D) 362,880 
 
 
 
9.  How many different ordered arrangements of the letters of the word AARDVARK are 
there? 
 
A) 56   B) 40,320  C) 28   D) 3360 
 
 
 
10.  A fair spinner with the numbers 1, 2, 3, 4 and 5 is spun four times.  What is the 
probability that all four spins are 5? 
 
A) 
1
120
  B) 
1
625
  C) 
1
20
   D) 
4
625
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11.  There are 10 horses entered in a race. How many different outcomes are possible for 
the first, second and third place finishers?  
 
A) 1000  B) 3,628,800  C) 120   D) 720 
 
 
 
12.  In a certain lottery, five different numbers between 1 and 26 inclusive are drawn. The 
5 drawn numbers are the winning numbers. To win the lottery, a person must select the 
correct 5 numbers in the same order in which they were drawn. What is the probability of 
winning? 
 
A) 
1
7 , 893, 600
 B) 
1
26!
  C) 
1
65, 780
  D) 
1
120
 
 
 
 
13.  There are 8 videos at the store you would like to see.  How many possible ways are 
there to select 3 of these to take home tonight? 
 
A) 336   B) 6   C) 21   D) 56 
 
 
 
14.  There are 50 members in a club.  How many different ways are there to select a 
president, a vice-president, a secretary, and a treasurer? 
 
A) 24   B) 194   C) 230,300  D) 5,527,200 
 
 
 
15.  How many ordered arrangements of the letters A A A B B C C C C C are there? 
 
A) 3,628,800  B) 30   C) 2520  D) 55 
 
 
 
16.  How many 7-digit telephone numbers are possible if the first digit cannot be 0 or 1? 
 
A) 604,800  B) 3,628,800  C) 8,000,000  D) 10,000,000 
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Appendix E 
Post-Test
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Post-Test 
 
Please Write the Last 4 digits of Social Security Number  _________ 
 
For each question, select the correct answer by completely circling your choice.  You 
may use your calculator for all problems. 
 
 
1.  How many 7-digit telephone numbers are possible if the first digit cannot be 0 or 1? 
 
A) 604,800  B) 3,628,800  C) 8,000,000  D) 10,000,000 
 
 
 
2.  How many ordered arrangements of the letters A A A B B C C C C C are there? 
 
A) 3,628,800  B) 30   C) 2520  D) 55 
 
 
 
3.  There are 50 members in a club.  How many different ways are there to select a 
president, a vice-president, a secretary, and a treasurer? 
 
A) 24   B) 194   C) 230,300  D) 5,527,200 
 
 
 
4.  There are 8 videos at the store you would like to see.  How many possible ways are 
there to select 3 of these to take home tonight? 
 
A) 336   B) 6   C) 21   D) 56 
 
 
 
5.  In a certain lottery, five different numbers between 1 and 26 inclusive are drawn. The 
5 drawn numbers are the winning numbers. To win the lottery, a person must select the 
correct 5 numbers in the same order in which they were drawn. What is the probability of 
winning? 
 
A) 
1
7 , 893, 600
 B) 
1
26!
  C) 
1
65, 780
  D) 
1
120
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6.  There are 10 horses entered in a race. How many different outcomes are possible for 
the first, second and third place finishers?  
 
A) 1000  B) 3,628,800  C) 120   D) 720 
 
 
 
 
7.  A fair spinner with the numbers 1, 2, 3, 4 and 5 is spun four times.  What is the 
probability that all four spins are 5? 
 
A) 
1
120
  B) 
1
625
  C) 
1
20
   D) 
4
625
 
 
 
 
 
 
8.  How many different ordered arrangements of the letters of the word AARDVARK are 
there? 
 
A) 56   B) 40,320  C) 28   D) 3360 
 
 
 
 
9.  A pollster wants to minimize the effect the order of the questions has on a person's 
response to a survey. How many different surveys are required to cover all possible 
arrangements if there are 10 questions on the survey? 
 
A) 55   B) 3,628,800  C) 100   D) 362,880 
 
 
 
10.  The organizer of a television show must select 5 people to participate in the show. 
The participants will be selected from a list of 29 people who have applied for 
appearance on the show. If the participants are selected randomly from the applicants, 
what is the probability that the 5 youngest people will be selected? Assume that all 
people are different ages. 
 
A) 
1
118, 755
  B) 
1
14, 250 , 600
 C) 
1
120
  D) 
5
29
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11.  Many Tennessee license plates contain three letters followed by three digits (0 
through 9 each).  Digits and letters can be used more than once.  Assuming that all digits 
and all 26 letters are available, what is the number of different license plates that can be 
made? 
 
A) 308,915,776 B) 312,000  C) 17,576,000  D) 11,232,000 
 
 
 
12.  In a closet, there are 6 pairs of pants, 10 shirts, and 4 pairs of shoes.  If everything 
matches, how many possible outfits are there consisting of a pair of pants, a shirt, and a 
pair of shoes? 
 
A) 1,140  B) 64   C) 240   D) 20 
 
 
 
13.  How many ways can an IRS auditor select 5 of 12 tax returns for an audit? 
 
A) 95,040  B) 792   C) 120   D) 248,832 
 
 
 
14.  How many ways can 5 people be chosen and arranged in a straight line if there are 9 
people to choose from? 
 
A) 15,120  B) 45   C) 120   D) 362,880 
 
 
 
15.  A musician plans to perform 9 selections.  In how many ways can she organize the 
musical selections? 
 
A) 3, 628,800  B) 362,880  C) 81   D) 45 
 
 
 
16.  There are 8 members on a board of directors.  If they must form a subcommittee of 6 
members, how many different subcommittees are possible? 
 
A) 720   B) 262,144  C) 20,160  D) 28 
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Appendix F 
Perceptual Modality Preference Survey 
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Appendix G 
Instruction Sheet to Access Computer Network 
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Appendix H 
Instruction Sheet to Access Web-Based Instruction 
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Appendix I 
Web Pages Included in Web-Based Instruction 
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Appendix J 
Survey:  What You Did to Learn 
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What You Did to Learn 
 
Thank you for your participation in this research.  Your efforts will provide valuable 
insights about your experiences that may benefit educators.  The items of this 
questionnaire pertain to what you did to learn the concepts in these lessons.   
 
Please write the last 4 digits of your Social Security Number here:  _________ 
 
I.  Time Spent in Various Activities 
 
1.  Please indicate the approximate amount of time you spent in each of the indicated 
activities. 
 
Activity Approximate 
Time (Hours) 
Reading the Web-Based Material  
Reading the Textbook  
Doing Homework Problems  
Emailing Questions to Your Instructor  
Other Activities Not Listed Above 
 
(* If you list time in Other Activities, 
please see Item 2 below.) 
 
 
 
 
2.  If you listed time in the category, Other Activities Not Listed Above, please 
describe briefly those activities in the space below. 
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II.  Receiving Assistance from Other People 
 
Did you receive assistance with these lessons from other people?  _________ 
 
If yes, please complete the table below by describing the relationship of the person to 
you (either Family, Friend, Teacher, Student in This Class, Tutor, or Other), the 
approximate amount of time you worked with this person, and the particular lesson 
topics you discussed. 
 
Relationship of the 
Person 
Approximate 
Time 
(Minutes) Lesson Topics Discussed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III.  Use of Other Resources 
 
Did you use any resources other than your textbook and these Internet sites?  ______ 
 
If yes, please complete the table below by describing the additional resources you 
used, the approximate amount of time you spent using the resources, and why you 
used these resources. 
 
Resources Used 
Approximate 
Time 
(Minutes) 
Why Did You Use this 
Resource? 
   
   
   
 
Thank You 
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Appendix K 
Data Used for Research Question 1 
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Subjects who met the Criteria for Reasonable Effort 
Student 
Number Score 
Pre-Test Post-Test
Score 
Achievement
Score 
 Achievement
Percent 
 
Number of 
Sections of 
Competence
1 -6 16 22 40.74% 1 
2 -23 12 35 49.30% 1 
3 -2 36 38 76.00% 4 
4 18 30 12 40.00% 2 
5 -4 14 18 34.62% 0 
6 6 30 24 57.14% 2 
7 -22 36 58 82.86% 3 
8 -10 0 10 17.24% 0 
9 -9 32 41 71.93% 1 
10 0 16 16 33.33% 1 
11 -12 10 22 36.67% 1 
12 18 20 2 6.67% 0 
13 20 12 -8 -28.57% 1 
14 0 0 0 0.00% 0 
15 -6 12 18 33.33% 1 
16 -10 36 46 79.31% 2 
17 22 44 22 84.62% 4 
18 2 34 32 69.57% 1 
19 -12 -6 6 10.00% 0 
20 14 16 2 5.88% 0 
21 10 20 10 26.32% 1 
22 30 38 8 44.44% 3 
23 -8 39 47 83.93% 3 
24 -18 -2 16 24.24% 1 
25 -18 0 18 27.27% 0 
26 -10 28 38 65.52% 2 
27 26 30 4 18.18% 2 
28 -6 42 48 88.89% 3 
29 8 22 14 35.00% 0 
30 -6 29 35 64.81% 2 
31 -2 16 18 36.00% 1 
32 6 40 34 80.95% 4 
33 -16 30 46 71.88% 1 
34 -8 18 26 46.43% 1 
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Subjects who met the Criteria for Reasonable Effort (continued) 
Student 
Number Score 
Pre-Test Post-Test
Score 
Achievement
Score 
 Achievement
Percent 
 
Number of 
Sections of 
Competence
35 -3 24 27 52.94% 2 
36 1 28 27 57.45% 2 
37 0 0 0 0.00% 0 
38 1 16 15 31.91% 1 
39 8 -10 -18 -45.00% 0 
40 0 12 12 25.00% 0 
41 -22 14 36 51.43% 2 
42 0 26 26 54.17% 1 
43 -16 0 16 25.00% 0 
44 0 10 10 20.83% 2 
45 -8 10 18 32.14% 1 
46 -12 7 19 31.67% 0 
47 -8 30 38 67.86% 2 
48 18 -14 -32 -106.67% 0 
49 -12 -14 -2 -3.33% 0 
50 -20 26 46 67.65% 2 
51 -26 -12 14 18.92% 0 
52 22 36 14 53.85% 3 
53 -30 -2 28 35.90% 0 
54 -13 3 16 26.23% 1 
55 -14 24 38 61.29% 1 
56 18 24 6 20.00% 1 
57 14 32 18 52.94% 1 
58 -11 -18 -7 -11.86% 0 
59 -10 19 29 50.00% 2 
60 -24 32 56 77.78% 2 
61 8 34 26 65.00% 3 
62 12 26 14 38.89% 3 
63 -12 13 25 41.67% 2 
64 5 28 23 53.49% 2 
65 0 42 42 87.50% 4 
66 10 8 -2 -5.26% 0 
67 8 16 8 20.00% 1 
68 14 29 15 44.12% 2 
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Subjects who met the Criteria for Reasonable Effort (continued) 
Student 
Number Score 
Pre-Test Post-Test
Score 
Achievement
Score 
 Achievement
Percent 
 
Number of 
Sections of 
Competence
69 -16 24 40 62.50% 1 
70 -10 -2 8 13.79% 0 
71 24 32 8 33.33% 3 
72 -1 12 13 26.53% 2 
73 18 24 6 20.00% 2 
74 6 2 -4 -9.52% 0 
75 24 34 10 41.67% 2 
 
 
  
Subjects Who Did Not Meet Criteria for Reasonable Effort 
Student 
Number Score 
Pre-Test Post-Test
Score 
Achievement
Score 
 Achievement
Percent 
 
Number of 
Sections of 
Competence
76 2 2 0 0.00% 0 
77 0 -8 -8 -16.67% 0 
78 -4 34 38 73.08% 3 
79 -18 -16 2 3.03% 0 
80 22 40 18 69.23% 3 
81 -18 20 38 57.58% 1 
82 2 6 4 8.70% 1 
83 -2 2 4 8.00% 1 
84 -16 6 22 34.38% 0 
85 16 26 10 31.25% 2 
86 -10 0 10 17.24% 1 
87 -8 -6 2 3.57% 0 
88 8 14 6 15.00% 0 
89 -8 38 46 82.14% 3 
90 -4 16 20 38.46% 1 
91 -8 18 26 46.43% 1 
92 6 4 -2 -4.76% 1 
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Subjects Who Did Not Meet Criteria for Reasonable Effort 
Student 
Number Score 
Pre-Test Post-Test
Score 
Achievement
Score 
 Achievement
Percent 
 
Number of 
Sections of 
Competence
93 10 8 -2 -5.26% 2 
94 24 36 12 50.00% 2 
95 -12 -16 -4 -6.67% 0 
96 -8 -8 0 0.00% 0 
97 0 34 34 70.83% 2 
98 8 22 14 35.00% 1 
99 20 36 16 57.14% 3 
100 26 34 8 36.36% 2 
101 -12 0 12 20.00% 0 
102 0 12 12 25.00% 1 
103 -12 36 48 80.00% 3 
104 -8 18 26 46.43% 1 
105 2 0 -2 -4.35% 0 
106 10 24 14 36.84% 0 
107 22 2 -20 -76.92% 0 
108 10 8 -2 -5.26% 1 
109 4 -8 -12 -27.27% 0 
110 -2 24 26 52.00% 1 
111 -14 -2 12 19.35% 0 
112 10 30 20 52.63% 3 
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Appendix L 
Data Used for Research Question 2 
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Subjects Who Met Criteria for Reasonable Effort 
Student 
Number 
Print 
Learning 
Style 
Aural 
Learning 
Interactive 
Learning 
Style Style 
Visual 
Learning 
Style 
Haptic 
Learning 
Style 
Kinesthetic
Learning 
Style 
 Olfactory 
Learning 
Style 
1 0 -9 9 2 -3 33 -36 
2 12 -3 -2 -5 7 8 -13 
3 8 14 16 -10 2 -8 -16 
4 11 1 23 4 -2 5 -34 
5 -1 13 -5 -3 19 -3 -31 
6 28 13 7 -1 -11 -17 -23 
7 0 7 0 14 22 -10 -24 
8 -13 11 6 9 10 28 -36 
9 -15 4 21 -2 2 27 -23 
10 14 1 9 7 -14 -7 -15 
11 36 -7 -4 13 -10 3 -33 
12 12 -2 8 -10 12 8 -18 
13 -16 -2 6 26 17 15 -11 
14 -5 -10 20 17 0 22 -9 
15 1 4 2 14 8 -10 -22 
16 -5 -8 28 -12 11 14 -20 
17 -15 -3 10 15 3 23 -33 
18 -12 4 10 -2 2 20 -20 
19 13 12 5 -4 -12 6 -24 
20 -7 -2 12 -5 6 14 -10 
21 10 6 13 5 -12 18 -27 
22 -15 -7 8 -3 19 29 -22 
23 -21 -14 14 -1 8 20 -7 
24 9 -1 -2 11 23 -8 -33 
25 16 27 -9 18 -27 3 -22 
26 19 11 10 -2 -2 -1 -24 
27 15 -7 2 -10 4 12 -21 
28 20 29 -6 3 -11 -25 -20 
29 1 17 17 -2 -10 7 -30 
30 10 -13 2 -7 6 18 -14 
31 -6 2 18 -2 2 -2 -16 
32 4 10 9 12 -4 6 -25 
33 9 21 1 10 -5 -22 -24 
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Subjects Who Met Criteria for Reasonable Effort (continued) 
Student 
Number 
Print 
Learning 
Style 
Aural 
Learning 
Interactive 
Learning 
Style Style 
Visual 
Learning 
Style 
Haptic 
Learning 
Style 
Kinesthetic
Learning 
Style 
 Olfactory 
Learning 
Style 
34 16 18 12 5 -24 1 -34 
35 -16 -4 4 4 10 30 -33 
36 -8 21 17 4 -17 7 -24 
37 -10 1 12 -4 0 15 -22 
38 -5 7 0 4 2 2 -4 
39 -9 20 10 -3 3 14 -23 
40 -2 -1 24 -14 6 16 -24 
41 -8 8 15 -15 2 10 -18 
42 -2 -18 -5 21 13 16 -12 
43 -13 -3 24 -2 12 20 -27 
44 34 14 -2 -15 13 -4 -32 
45 -5 -19 2 22 3 19 -26 
46 3 -7 -3 -6 2 21 -25 
47 -5 -15 20 8 17 5 -36 
48 9 13 -5 12 4 -16 -20 
49 25 1 -6 15 3 -5 -34 
50 -12 2 14 -4 10 2 -16 
51 -10 -15 1 13 4 29 -19 
52 -7 22 10 -1 12 -13 -18 
53 -5 9 18 3 -1 16 -30 
54 -4 -11 -3 18 18 5 -28 
55 -8 4 0 12 -10 18 -16 
56 10 29 18 -6 -10 0 -33 
57 -1 3 30 15 -14 12 -36 
58 -23 -3 -21 22 9 32 -8 
59 1 -8 2 18 16 -10 -22 
60 -23 20 -6 10 2 12 -12 
61 -10 20 12 -6 2 4 -20 
62 -17 10 15 8 6 17 -32 
63 0 -3 26 9 -19 17 -32 
64 -4 14 14 -6 16 -3 -10 
65 -14 3 8 6 2 14 -7 
66 -13 0 0 12 11 13 17 
67 -5 17 13 17 -15 7 -32 
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Subjects Who Met Criteria for Reasonable Effort (continued) 
Student 
Number 
Print 
Learning 
Style 
Aural 
Learning 
Interactive 
Learning 
Style Style 
Visual 
Learning 
Style 
Haptic 
Learning 
Style 
Kinesthetic
Learning 
Style 
 Olfactory 
Learning 
Style 
68 29 5 16 -6 -7 -8 -34 
69 8 10 22 2 -10 -13 -15 
70 12 -2 0 16 8 0 -15 
71 -9 -10 10 0 10 20 -21 
72 12 16 6 -2 10 -18 -16 
73 33 -2 9 15 -11 -19 -29 
74 -11 -4 21 -12 15 27 -33 
75 -21 8 -6 16 -4 2 10 
 
 
Subjects Who Did Not Meet Criteria for Reasonable Effort 
Student 
Number 
Print 
Learning 
Style 
Aural 
Learning 
Interactive 
Learning 
Style Style 
Visual 
Learning 
Style 
Haptic 
Learning 
Style 
Kinesthetic
Learning 
Style 
 Olfactory 
Learning 
Style 
76 -28 -5 27 3 10 3 -13 
77 21 -9 5 3 -1 13 -34 
78 0 8 18 -6 6 4 -15 
79 -13 -11 2 25 20 10 -27 
80 -20 -8 11 -2 11 27 -20 
81 1 5 15 -7 1 21 -36 
82 3 15 24 2 -10 -5 -32 
83 -14 -18 10 9 22 11 -15 
84 -8 10 19 -7 3 10 -18 
85 -8 -2 6 -8 10 -2 -14 
86 -5 -8 9 -7 30 -7 -6 
87 -12 -4 4 6 12 13 -20 
88 6 16 16 0 -6 -16 -16 
89 21 17 7 3 -8 -7 -33 
90 -33 -22 18 14 10 16 -4 
91 -3 -7 -3 5 13 28 -15 
92 -12 21 1 -2 1 23 -33 
93 3 13 14 -19 -4 26 -31 
94 -2 -5 1 7 13 25 -36 
95 13 15 7 -17 0 -13 -24 
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Subjects Who Did Not Meet Criteria for Reasonable Effort 
Student 
Number 
Print 
Learning 
Style 
Aural 
Learning 
Interactive 
Learning 
Style Style 
Visual 
Learning 
Style 
Haptic 
Learning 
Style 
 Olfactory 
Learning 
Style 
96 -9 -3 14 8 12 -2 -17 
97 20 5 -6 6 14 -13 -26 
98 17 8 11 -11 -22 -20 
99 -18 -1 0 12 27 -17 
100 -16 -6 16 0 16 -16 
101 5 -10 9 16 -4 1 
Kinesthetic
Learning 
Style 
23 
0 
6 
-18 
102 -21 -8 4 7 0 29 -27 
103 14 -8 12 2 8 11 -23 
104 -13 -3 23 -5 11 30 -31 
105 -5 -4 9 -10 6 19 -22 
106 17 -6 11 -13 -1 11 -22 
107 25 1 3 1 -14 17 -36 
108 1 6 26 -11 -14 8 -29 
109 -14 0 6 2 6 16 -18 
110 -28 17 11 -23 7 13 1 
111 8 8 2 8 5 8 -2 
112 -20 -10 20 6 16 11 -13 
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Appendix M 
Data from Survey “What You Did to Learn” 
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 Subjects Who Met the Criteria for Reasonable Effort 
Relationship 
of the 
Person 
Use  
Other 
Resources 
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials 
(hours) 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework 
(hours) 
Emailing 
Instructor
(hours) 
 
Other 
Activities 
(hours) 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of  
Discussion 
Time 
Spent 
Resource 
Used 
1 3 1 1 0 0no     no   
2 1.5 0.75 1 0 0no     no   
3* 3 0 2 0 0no     no  
Friend 
4      1.5 0.5 0.5 0 0YES 30 
when to use 
combination 
and 
permutation no
YES 
5  1.5 0.5 0.5 0.03 0
 
no     15 
study 
sheet for 
exam
Student in 
Class 
6       2 1 1 0 0YES 15 formulas no
Friend 
7      4 1 2 1 1YES 5 
unorganized,
 organized no
8 1.5 1 0.5 0 0no     no   
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Subjects Who Met the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use  
Other 
Resources 
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor
(hours) 
 
Other 
Activities 
(hours) 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of  
Discussion
Time 
Spent 
Resource 
Used 
Student in 
class 
9     4 10 10 0 0YES 20 
formulas 
and how to 
do a 
problem no
10 2 4 2 0 0no     no   
11 3 2 1 0 0no     no   
12 3.5 1 1 0 0no     no   
13 4 1 1 0 0no     no   
14   3 1 1 0 0no    no   
15 3 1 2 0 0no     no   
Math Lab 
16       3 2 2 0 0YES 15 counting no
17* 1.5 0 0 0 0no     no  
18 2.5 1 1 0 0no     no   
19 2 0.5 1 0 0no     no   
Friend 
20      1.5 0.5 0.5 0.5 0YES 30 
when to 
use  
c & p & ! no
21 2 2 1 0 0no     no   
22 1 1 1 0 0no     no   
23 3 0.5 0.33 0 0no     no   
24 2 1 1 0 0no     no   
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Subjects Who Met the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use  
Other 
Resources
Subject 
Number 
(* 
indicates 
achieved 
mastery) 
Reading 
Web 
Materials 
(hours) 
Reading 
the 
Textbook 
(hours) 
Doing 
Homework 
(hours) 
Emailing 
Instructor
(hours) 
 
Other 
Activities 
(hours) 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion
Time 
Spent 
Resource 
Used 
25 2.75 0.33 0 0 0no     no   
26 3 6 10 0 0no     no   
Yes 
27     1 0.75 1 0 0no 20 TI83 
28      2 1 1 0 0no no  
29       2 0.25 0.5 0 0no no
30       1.5 0.5 0.75 0 0no no
31       2 0.5 0.5 0 0no no
Friend 
32*      3 1 2 0.17 0 YES 10 3.6 no
33 6 0 2 0 0no     no   
34 3 1 2 0 0no     no   
35 2 0.5 0.5 0 0no     no   
Friend 
36     2 1 2 0 0YES 5 
homework
problem no
37      2 0.5 0 0 0no  no
38       3.75 0.75 1 0 0no no
39       2 0 1 0 0no no
40       2 0.5 0 0 0no no
41        4.25 1 11 time 0no no
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Subjects Who Met the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use  
Other 
Resources 
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor 
(hours) 
Other 
Activities
(hours) 
 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion 
Time 
Spent 
Resource 
Used 
42 3 0 0 0 0no   no  
43 1.5 1 1 0 0no     no   
44 2.5 0.17 0 0 0no     no   
45       1 0.5 1 0 0no no
46       2.5 2.5 3 0 1.5no no
47       2 3 2 0 0no no
48 2 0.25 0.5 0 0no answer   no answer  
49     1 1 0.5 0 0no no 
50       4 0.5 2 0.08 0no no
51       1.25 1 0.33 0 0no no
52       2 0.5 1 0 0no no
53 1.5 2 1.5 0 0no     no   
Friend 
54       2.5 0 1 0 0YES 3 counting no
55 1.75 0.5 0.5 0 0no     no   
56 5 1 1 0 0no     no   
57 3 1 1.5 0 1no     no   
58 2 0.5 0 0 0no     no   
Math Lab 
59   1 1 1 0 0YES 30 
permutation 
combination no answer   
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 Subjects Who Met the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use Other 
Resources?
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor
(hours) 
 
Other 
Activities 
(hours) 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion
Time 
Spent 
Resource 
Used 
60 3.5 2.5 4 0 0no     no   
61       2 2 1 0 0no no
62       2 0.5 1 0 0no no
63       2 0.5 0.5 0 0no no
64       3 1 1 0 0no no answer
65*      3 2 0.75 0 0no no 
66 1.33 0.5 1 0 0no answer   no answer  
Friend 
67     2.5 1 1 0 0YES 30 
Section 3-
6 no
68       5 1 1 0 0no no
69       2 1.5 2.5 0 0no no
70       3 0.5 0.5 0 0no no
71       3 2 1 0 0no no
Friend 
72     2 2 3 0 0YES 2 
question 
 about 
under-
standing no
73      3 1 2 0 0no  no
74       2 0 0.66 0 0no no
75       2 1 1 0 0no no
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Subjects Who Did Not Meet the Criteria for Reasonable Effort 
Relationship 
of the 
Person 
Use Other 
Resources?
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor 
(hours) 
Other 
Activities
(hours) 
 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion
Time 
Spent 
Resource
Used 
76      0.75 0.25 0 0 0no no
77      1 0 0.5 0 0no no
78      1.5 0 0.5 0 0no no
79      0.5 0 0 0 0no no
80      1 0.33 0.17 0 0no no
81      0.5 0.5 0.33 0 0no no
82      1 0 0 0 0no no
83      1 0.5 0.5 0 0no no
84      1.5 0 0 0 0no no
85      0.5 0 0 0 0no no
Friend 
86     1.5 0.25 0.5 0 0YES 30 calculator no
87    0.75 0 0.25 0 0no   no
88      1 0 0 0 0no no
89      0.75 0.5 0 0 0no no
90      0.75 0.5 0 0 0no no
 
Subjects Who Did Not Meet the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use Other 
Resources?
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor 
(hours) 
Other 
Activities
(hours) 
 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion
Time 
Spent 
Resource 
Used 
91 1.5 0.5 0 0 0no   no 
92      0 0.5 0 0 0no no
93      1 0.5 0.5 0 0no no
94      1 0 0 0 0no no
95      0.08 0.17 0.5 0 0no no
96       0.75 1 0 0 0no no
97       1.17 0 0 0 0no no
98       1 0.5 0 0 0no no
Friend 
99   1.5 0.17 0 0 0 YES 5 nCr nPr no  
100      0 0 0 0 0no  no
Friend 
101   1.5 0 0.5 0 0YES 10-15 
some 
problems  no  
102     0.75 0 0.33 0 0no   no
103       0.75 0.5 0.75 0 0no no
104       0.67 0 0 0 0no no
105       0.75 0.25 0 0 0no no
106       0.25 1 0.5 0 0no no
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Subjects Who Did Not Meet the Criteria for Reasonable Effort (continued) 
Relationship 
of the 
Person 
Use Other 
Resources?
Subject 
Number 
(* 
indicates
achieved 
mastery)
 
 
Reading 
Web 
Materials
(hours) 
 
Reading 
the 
Textbook
(hours) 
 
Doing 
Homework
(hours) 
 
Emailing 
Instructor 
(hours) 
Other 
Activities
(hours) 
 
Receive 
Assistance 
from 
People? 
Time Spent 
(minutes) 
Topic of 
Discussion
Time 
Spent 
Resource 
Used 
107 1 0.08 0 0 0no     no  
108 0.5 0.25 0 0 0no     no  
109 1.5 0 0.33 0 0no     no  
110 0.33 0.17 0.25 0 0.5no     no  
111 1.5 0 0 0 0no     no  
112 1 0 0.5 0 0no     no  
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Appendix N 
Student Comments 
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I know more about the counting section before we started.  However, I still do not really 
understand the whole concept of it.  As my PMPS test showed, I am more of a visual 
learner and get the concept better if the teacher is actually up in front of the room 
explaining the concept.  Hope all goes well with your research. 
 
 
I personally did not like it being web based.  I learn better working with others. 
 
 
I wish I took this before my Genetics class.  (drew picture of crying face with frown) 
 
 
Good Experience 
 
 
I like one-on-one instructor time or class time.  It’s more personable and easier for me to 
learn. 
 
 
The lesson was well organized, it would be a good teacher but I do better with an actual 
teacher teaching. 
 
 
You did a wonderful job setting up the lessons on the computer, but I feel I could have 
done better w/ a teacher.  Thanks for the opportunity.  (drew picture of smiley face) 
 
 
I liked the idea but I did not respond well to it.  I would have learned more in the 
classroom! 
 
 
I liked it, but I really did not learn from it. 
 
 
I pick up material more quickly when it is presented in multiple ways. (Lecture, notes, 
textbook) I could learn with an internet class, but it would be harder. 
 
 
I think it was pretty good learning math on web, but still I would need some extra help 
from instructor.  If I was doing the whole math class. 
 
 
I’m not good at doing a web-based course.  I need that one on one time. 
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As for me, I do not think internet classes are good for me.  I need someone to teach me 
and show me examples step by step. 
It was hard for me to learn w/out an instructor. 
 
 
I was very skeptical about my abilities to do well w/an internet based course.  But I was 
surprised to find that I feel comfortable w/the information and I feel I could do well on an 
assessment. 
 
 
I found it hard to use what I learned when it came to homework.  I understood the 
examples but couldn’t do the actual work. 
 
 
The computer in the lab was so slow that I decided to finish at home.  My grandfather 
had heart failure Saturday morning and I spent the weekend in Knoxville w/him, so my 
post-test will not reflect my knowledge.  I would have gained what I missed was Section 
III. 
 
 
I’m sorry, I did not learn like this.  I couldn’t interpret it over the internet. 
 
 
I know I didn’t do good on this one.  I just couldn’t get it right in my brain. 
 
 
I think learning in class is better for me.  (To see the problems worked out step by step). 
 
 
This was hard! (picture of smiley face)  I don’t know that I would have understood it any 
better if someone had tried to teach me face to face. 
 
 
I had time learning this on the internet.  I need more interaction from people. 
 
 
I enjoyed participating in this study because it helped me realize that an online class is 
just not for me. 
 
 
Web page lay out was professional.  The humor was much appreciated.  All around very 
good.  Subject matter chosen was very hard. 
 
 
I haven’t gotten to finish this project online @ this time.  Thank you. 
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Please don’t let my score here reflect too much on your study outcome.  I’ve missed 
almost a week of “all” my classes due to extreme illness at home (consisting of 2 911 
calls – (a fall resulting in a broken neck and a stroke) all in one week!!  (I’ve been very 
busy caring for this 94 year old aunt.) 
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Appendix O 
Perceptual Modality Preference Survey Feedback Letter 
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Last Four Digits of Social Security Number:   
 
Thank you for your participation in this research and taking the Perceptual Modality 
Preference Survey (PMPS). We hope you find this experience helpful.  
  
As you read your results below, be aware that they are based on your thoughts and 
feelings at the time you completed the survey, and your level of knowledge about the 
concept of perceptual learning styles. You might want to retake the survey several times 
before making any decision about the validity of the results. 
 
Also, please note that the PMPS is for training and orientation purposes only, and it 
should not be viewed as scientifically valid. Neither the Institute for Learning Styles 
Research (ILSR), which sponsors this survey, nor this researcher can be responsible for 
any life changing decisions you might make based on your analysis of your survey 
results.  
  
Reading Your Report: 
  
Step One: Examine the total score for each of the seven learning styles. The scoring range 
is from -36 to +36; therefore, each style can be identified as either accepted if it has a 
positive score or rejected if it has a negative score. 
  
Step Two: Determine the strength or weakness reported in each style. The following scale 
might be helpful as a general reference: 
 
+28 to +36     = Very Strong Acceptance  
+19 to +27     = Strong Acceptance 
+10 to +18     = Acceptance 
+1 to +9         = Minimum Acceptance 
0                     = Neutral 
-1 to -9           = Minimum Rejection 
-10 to -18       = Rejection 
-19 to -27       = Strong Rejection 
-28 to -36       = Very Strong Rejection 
  
Step Three: Determine the rank order of your seven styles where the highest score is first 
and the lowest score is seventh. 
  
Step Four: Examine your rank ordered scores and divide them into two or three 
categories: Those on top can be identified as helpful learning styles that can be used to 
increase learning success. Those in the middle may or may not be useful in the learning 
process. And, those at the bottom are probably not useful and are probably not helpful in 
the learning process.  
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Step Five: Examine the chart below to determine the types of learning activities 
associated with each learning style. If you think your survey results and personal analysis 
are accurate, consider adding the activities associated with your most preferred learning 
style(s) and replacing or avoiding activities associated with your least preferred or 
rejected learning style(s). Once again, please remember that the PMPS is not a 
scientifically validated instrument, and any life style changes are your personal 
responsibility. 
  
 Your Results 
Learning Style: Learning Activities: 
  
Print             Gather information primarily through reading. 
Your score:   Rank: 
 
Aural             Gather information primarily through listening. 
Your score:   Rank: 
 
Interactive     Gather information primarily by talking with others and asking questions. 
Your score:   Rank: 
 
Visual         Gather information primarily by viewing movies, slides, pictures, and 
demonstrations.  
Your score:   Rank:  
 
Haptic         Gather information primarily by touching, holding, or other fine motor 
activities. 
Your score:   Rank: 
 
Kinesthetic     Gather information primarily by gross motor movement like in athletics. 
Your score:   Rank: 
 
Olfactory         Gather information primarily by smelling or tasting.  
Your score:   Rank:  
  
  
 If you wish more information about learning styles, you can visit the web site for the 
Institute for Learning Styles Research at http://www.learningstyles.org/. 
 
 
Thank you,  
 
John LaPrise  
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Appendix P 
Chapter IV Tables 
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Table 4.1:  Indicated Time Spent Reading Web-Based Materials 
Reasonable Effort Subjects and Other Subjects 
 
Hours Spent 
Reading 
Web-Based 
Materials 
Subjects Who Met Criteria 
for Reasonable Effort 
 
Frequency        Percent 
Other Subjects 
 
 
Frequency        Percent 
from  
0 to .4999 
hours 0 0.00% 5 13.51% 
from 
.5 to.9999 
hours 0 0.00% 13 35.14% 
from 
1 to 1.4999 
hours 7 9.33% 11 29.73% 
from  
1.5 to1.9999 
hours 10 13.33% 8 21.62% 
from 
2 to 2.4999 
hours 24 32.00% 0 0.00% 
from  
2.5 to2.9999 
hours 6 8.00% 0 0.00% 
3 or more 
hours 28 37.33% 0 0.00% 
Totals 75 99.99% 37 100.00% 
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Table 4.2:  Indicated Time Spent Reading the Textbook 
Reasonable Effort Subjects and Other Subjects 
 
Hours Spent 
Reading the 
Textbook 
Subjects Who Met Criteria 
for Reasonable Effort 
Frequency        Percent 
Other Subjects 
 
Frequency        Percent 
from  
0 to .4999 
hours 11 14.67% 26 70.27% 
from 
.5 to.9999 
hours 22 29.33% 9 24.32% 
from 
1 to 1.4999 
hours 27 36.00% 2 5.41% 
from  
1.5 to1.9999 
hours 1 1.33% 0 0.00% 
from 
2 to 2.4999 
hours 8 10.67% 0 0.00% 
from  
2.5 to2.9999 
hours 2 2.67% 0 0.00% 
3 or more 
hours 4 5.33% 0 0.00% 
Total 75 100.00% 37 100.00% 
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Table 4.3:  Indicated Time Spent Doing Homework Problems 
Reasonable Effort Subjects and Other Subjects 
 
Hours Spent 
Doing 
Homework 
Subjects Who Met Criteria 
for Reasonable Effort 
Frequency        Percent 
Other Subjects 
 
Frequency        Percent 
from  
0 to .4999 
hours 9 1.89% 27 72.97% 
from 
.5 to.9999 
hours 15 1.89% 10 27.03% 
from 
1 to 1.4999 
hours 31 58.49% 0 0.00% 
from  
1.5 to1.9999 
hours 2 3.77% 0 0.00% 
from 
2 to 2.4999 
hours 12 22.64% 0 0.00% 
from  
2.5 to2.9999 
hours 1 1.89% 0 0.00% 
3 or more 
hours 5 9.43% 0 0.00% 
Total 75 100.00% 37 100.00% 
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Table 4.6:  Achievement Scores 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
 
  All Subjects
Subjects Who Met 
Criteria for 
Reasonable Effort Other Subjects 
Achievement 
Score Frequency Percent      Frequency Percent      Frequency Percent      
Less than 0 15 13.39% 7 9.33%  8 21.62%
from 0 to 9 20      17.86% 12 16.00% 8 21.62%
from 10 to 19 34      30.36% 24 32.00% 10 27.03%
from 20 to 29 19      16.96% 13 17.33% 6 16.22%
from 30 to 39 12      10.71% 9 12.00% 3 8.11%
from 40 to 49 10     8.93% 8 10.67% 2 5.41%
from 50 to 59 2      1.79% 2 2.67% 0 0.00%
Totals 112     100.00 75 100.00% 37 100.01%
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Table 4.7:  Achievement Percentages 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
 
  All Subjects
Subjects Who Met Criteria for 
Reasonable Effort Other Subjects 
Achievement 
Percentage Frequency Percent 
Cumu-
lative 
Percent Frequency Percent 
Cumu-
lative 
Percent Frequency Percent 
Cumu-
lative 
Percent 
Less than 0 15 13.39% 13.39% 7 9.33% 9.33% 8 21.62% 21.62% 
From 0 to 
9.99% 10         8.93% 22.32% 4 5.33% 14.67% 6 16.22% 37.84%
From 10% to 
19.99% 8      7.14% 29.46% 5 6.67% 21.33% 3 8.11% 45.95%
From 20% to 
29.99% 13    11.61% 41.07% 11 14.67% 36.00% 2 5.41% 51.35%
From 30% to 
39.99% 18    16.07% 57.14% 12 16.00% 52.00% 6 16.22% 67.57%
From 40% to 
49.99% 10         8.93% 66.07% 8 10.67% 62.67% 2 5.41% 72.97%
From 50% to 
59.99% 14         12.50% 78.57% 9 12.00% 74.67% 5 13.51% 86.49%
From 60% to 
69.99% 9      8.04% 86.61% 8 10.67% 85.33% 1 2.70% 89.19%
From 70% to 
79.99% 7      6.25% 92.86% 5 6.67% 92.00% 2 5.41% 94.59%
From 80% to 
89.99% 8      7.14% 100.00% 6 8.00% 100.00% 2 5.41% 100.00%
90% or more 0      0.00% 100.00% 0 0.00% 100.00% 0 0.00% 100.00%
Totals     112   100.00% 75 100.01% 37 100.00%
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Table 4.8: Student Competence by Category 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
 
  All Subjects
Subjects Who Met Criteria 
for Reasonable Effort Other Subjects 
Number of 
Categories of 
Competence 
Number of 
Subjects 
Achieving 
Competence 
Percent of 
Total 
Subjects 
Achieving 
Competence 
Number of 
Subjects 
Achieving 
Competence 
Percent of 
Total 
Subjects 
Achieving 
Competence 
Number of 
Subjects 
Achieving 
Competence 
Percent of 
Total 
Subjects 
Achieving 
Competence 
0 35     31.25% 21 28.00% 14 37.84%
1       34 30.36% 22 29.33% 12 32.43%
2       25 22.32% 20 26.67% 5 13.51%
3       14 12.50% 8 10.67% 6 16.22%
4       4 3.57% 4 5.33% 0 0.00%
Total     112 100.00% 75 100.00% 37 100.00%
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Table 4.11: Distribution of Modality Preferences 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
  
  All Subjects
Subjects Who Met Criteria for 
Reasonable Effort Other Subjects 
Modality 
Number of 
Subjects 
Percent of Total 
(112) 
Number of 
Subjects 
Percent of 
Total (75) 
Number of 
Subjects 
Percent of 
Total (37) 
Print 14      12.50% 8 10.67% 6 16.22%
Aural 16      14.29% 12 16.00% 4 10.81%
Interactive 24      21.43% 16 21.33% 8 21.62%
Visual 10      8.93% 9 12.00% 1 2.70%
Haptic 10      8.93% 7 9.33% 3 8.11%
Kinesthetic 32      28.57% 21 28.00% 11 29.73%
Olfactory 1      0.89% 1 1.33% 0 0.00%
None  29      25.89% 19 25.33% 10 27.03%
 
 
 
Table 4.12: Subjects with Strong Preference for Either Print or Visual Modalities 
All Subjects, Reasonable Effort Subjects, and Other Subjects 
 
  All Subjects 
Subjects Who Met 
Criteria for 
Reasonable Effort Other Subjects 
Print or Visual 24 17 7 
Not Print or Visual 88   58 30
Total 112   75 37
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Table 4.13: Average Pre-Test, Post-Test and Achievement Scores 
All Subjects and Reasonable Effort Subjects 
 
 All Subjects Subjects Who Met Criteria for Reasonable 
Effort 
 
Average 
Pre-
Test 
Score 
Average 
Post-
Test 
Score 
Average 
Achievement 
Score  
Average 
Achievement 
Percentage 
Average 
Pre-
Test 
Score 
Average 
Post-
Test 
Score 
Average 
Achievement 
Score  
Average 
Achievement 
Percentage 
Print 
or 
Visual -0.83        13.46 14.29 29.26% -2.00 13.35 15.35 30.70%
Not 
Print 
or 
Visual -0.31        17.48 17.78 36.80% -0.88 19.79 20.67 42.29%
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Table 4.16: Distribution of Scores by Modality Preference 
Reasonable Effort Subjects Only 
 
Modality 
Average 
Pre-Test 
Score 
Average 
Post-
Test 
Score 
Average 
Achieve-
ment 
Score 
Average 
Achieve-
ment 
Percen-
tage 
Individual 
Achievement 
Percentages 
(Rounded to Nearest 
Whole Percent) 
Print -0.25 19.88 20.13 41.72% 
-3%, 20%, 21%, 
37%, 44%, 57%, 
66%, 89% 
Aural 0.08 22.66 22.58 47.12% 
-45%, 20%, 20%, 
27%, 35%, 46%, 
54%, 57%, 65%, 
72%, 78%, 89% 
Interactive -2.38 18.69 21.06 41.80% 
-10%, 0%, 20%, 
25%, 25%, 35%, 
36%, 36%, 40%, 
42%, 53%, 57%, 
63%, 68%, 72%, 79%
Visual -3.56 7.56 11.11 21.55% 
-29%, -12%, 0%, 
20%, 26%, 27%, 
32%, 50%, 54% 
Haptic -2.14 18.71 20.86 41.60% 
-29%, 24%, 26%, 
35%, 44%, 68%, 83% 
Kinesthetic -1.67 17.14 18.81 37.87% 
-12%, -10%, 0%, 
17%, 19%, 25%, 
26%, 32%, 32%, 
33%, 39%, 41%, 
42%, 44%, 53%, 
61%, 65%, 70%, 
72%, 84%, 85% 
Olfactory 10.00 8.00 -2.00 -5.26% -5% 
None 0.84 17.47 16.63 35.26% 
-107%, 0%, 6%, 7%, 
10%, 14%, 18%, 
27%, 32%, 33%, 
33%, 42%, 49%, 
51%, 53%, 68%, 
76%, 81%, 88% 
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